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THE INFLUENCE OF INTRAVENOUS SODIUM CHLORIDE ON 
INTESTINAL ABSORPTION AND PERISTALSIS° 


By Water HucGuson, M. D. and Joun Ik. Scarrr 
Baltimore 


(From the Surgical Hunterian Laboratory of the Johns 


Hopkins University) 


In a series of articles published during the past two chlorides following high obstruction, and also the effect 


years by Haden and Orr’ interesting observations have on the other chemical constituents of the blood. In both 


been reported on the chemistry of the blood in clinical 
and experimental cases of high intestinal obstruction. 
They have thoroughly reviewed and analyzed the current 
theories in regard to the toxaemia of high intestinal 
obstruction, and from their studies have concluded that, 
in the presence of an unknown toxic substance elaborated 
as a result of the obstruction, the sodium chloride radical 
in the blood is broken up, the sodium ion combining with 
‘arbon dioxide to circulate as sodium carbonate, and the 
chlorine ion is either lost or fixed in some way by the 
toxic product of the obstruction. In support of their 
conclusions they report in detail their chemical analyses 
which demonstrate in a striking manner the fall in blood 


* Received for publication April 15, 1924. 


clinical and experimental cases they have effected marked 
alleviation of toxic symptoms by the replacement of the 
chlorides, either by hypodermoclysis or intravenous in- 
jection of hypertonic solutions of sodium chloride. 
Weed and McKibben * have studied the effect of hyper 
tonic sodium chloride solutions given intravenously on 
the cerebrospinal fluid pressure, and have shown that a 
very marked reduction of this fluid pressure can _ be 
effected by such injections. Goldschmidt and Dayton, 
and others, have shown that an increased amount of so- 
dium chloride in the blood does not cause absorption of 
fluid from the alimentary tract, but rather suppresses 
this absorption; while the salt itself is coming into equi- 
librium through the intestinal wall. Goldschmidt * furth- 
er states that “the intestinal mechanism is not wholly 
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irresponsive to physico-chemical forces, the exact nature 


of which are, to be sure, obscure.” These observers did 
not use, however, strongly hypertonic solutions; whereas 
Weed and McKibben used routinely a thirty per cent 
solution of sodium chloride. Conditions for withdrawal 
of cerebrospinal fluid from the subarachnoid space in the 
cranium by a process of osmosis are quite ideal and, of 
course, wholly different from the problem of absorption 
of fluid from the lumen of the bowel. Nevertheless, it 
seemed almost impossible to believe that any living tissue, 
whether a simple membrane or so complicated a structure 
as the intestinal mucosa, could withstand the osmotic 
pull of sodium chloride introduced into the blood stream 
in thirty per cent solution. 

It seemed, therefore, not entirely improbable that the 
use of sodium chloride in cases of high intestinal obstrue- 
tion might, in addition to its efficacy in the replacement 
of blood chlorides and consequent reduction of the symp- 
toms of toxaemia, have some influence on the distention 
of the obstructed loop which would prove beneficial. With 
this idea in mind experiments were undertaken to demon- 
strate, if possible, the effect of intravenous injections of 
thirty per cent solution of sodium chloride on loops of 
intestine distended at a constant pressure. In the course 
of this investigation Goldschmidt and Dayton’s observa- 
tions on the lower intestine and colon were fully con- 
firmed for the duodenum and first portion of the jejunum, 
the difference, if any, being quantitative rather than qual- 
itative. In addition, a further fact was brought out, 
namely, the effect of the intravenous sodium chloride on 
the peristaltic action of the entire intestinal tract. In the 
course of the second experiment it was noticed that very 
shortly after the injection of the salt solution intraven- 
ously the entire intestinal tract, including the distended 
loop, which up to that time had shown no sign whatever 
of motor activity, went into active and prolonged con- 
tractions. This observation seemed of sufficient impor- 
tance to warrant further study, and the two investiga- 
tions were carried out in the course of each experiment. 


EXPERIMENTAL METHODS 

Cats were used in all experiments, observations being 
made on twenty animals. The results were so uniform 
that a larger series was deemed unnecessary. Ether was 
used throughout, a tracheal cannula, attached to a Woulfe 
bottle, giving a constant and easily controlled anaes- 
thesia. The peritoneum was opened in the mid-line from 
the xiphoid downwards about two inches, and the duo- 
denum and jejunum brought into the wound. Care was 
taken to avoid unnecessary handling of the bowel, and the 
remaining loops of intestine were protected with gauze 
soaked in Locke’s solution. <A loop of intestine*eighteen 
centimeters long was chosen for study, the proximal end 
being taken three centimeters below the pylorus, in order 
to avoid the opening of the bile-ducts. The intestine was 
divided at both the upper and lower points, both ends 
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being connected with a reservoir filled with warm tap 
water. 
burette was fitted to the top of the reservoir and the whole 
system could be so adjusted as to give a constant fluid 


In order to obtain accuracy of measurement a 


pressure. Eighty centimeters was chosen as a pressure 
which was just sufficient to inhibit peristalsis under ordi- 
nary circumstances. All air was carefully removed from 
the system. Tap water was used for the absorption study, 
with the idea that by introducing a hypotonic solution 
into the bowel, withdrawal by osmosis might be more 
~asily effected. Accurate observations on the total 
amount of fluid in the system at any given time could be 
made by lowering the reservoir to a point just sufficient 
to empty the loop of the intestine. In this way careful 
measurements of the fluid absorbed could be recorded, 
this amount replaced, and the pressure thus kept constant, 

In all experiments a control period of from thirty to 
fifty minutes preceded injection of the hypertonic salt 
solution. Readings of fluid absorption were made every 
five minutes during this period, and careful observations 
of the motor activity of the intestine were recorded. Ap- 
proximately 12 ¢.c. of the thirty per cent sodium chloride 
solution were then injected into the brachial vein. This 
amounted to about 1.3 gms. of sodium chloride per kilo 
of body weight, as the cats all weighed from 2.5 to 3 kilos. 
Following the injection observations were made for the 
same length of time as the control period. 


EXPERIMENT No. 13 


December 11, 1923. Series I-A 


Cat-—2100 gms. 

Ether—Anaesthesia. 

Loop—3 cm, from pylorus—18 cm. long. 

Head of Pressure—80 cm. water. 

Loop of gut replaced in peritoneal cavity—cavity filled with 
Locke's solution. 























Time Reading in burette Absorbed in five minutes 
 _————_ ° — ~ 5.0 @.e. a 
11.55 9.0 c.e. 4.0 c.e. 
12.00 12.5 c.e. | 3.5 ¢.Cc. 
12.054 30 min. 14.5 c.e. 2.0 c.c.$ 17.0 c.c. 
12.10 16.5 c.e. | 2.0 cx 
12.15 19.0 c.e. | 3.5 c.c. 
12.20 21.0 c.c. 2.0 c.c 
| 17.0 cc 
12.21) Injection of 14 ¢.c. 30% NaCl begun 
—e Injection stopped —_——-—-- 
12.35 30 min. - - -— —-—— 
12.45 ———___— 
12.50 - — 


»9 
> 


Total fluid absorbed—23 c.c. 


23.0 ¢.c.—Total fluid extracted from loop. 
17.9 ¢.c.—Fluid extracted from loop prior to salt injection. 


6.0 c.c.—Fluid extracted from loop during salt injection. 
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The study of absorption from the distended loop gave 
uniform results in practically every animal. During the 
contro! period the amount absorbed varied but slightly in 
each unit of time—five minutes—while during the second 
period the retarded absorption, which almost invariably 
occurred, seemed to bear a distinct relation to the concen- 
tration of the sodium chloride in the blood. This con- 
centration is rapidly modified, of course, but the blood 
probably remains hypertonic for a period of, at least, half 
an hour. A typical protocol is that of Experiment No. 13. 

Here during the control period of thirty minutes 17 c.c. 
of fluid were absorbed from the distended loop, in amounts 
yarying from 2 to 4 c.c. during each five minutes, or an 
average of 2.9 c.c. per unit time. Following the intra- 
yenous injection of the thirty per cent sodium chloride 
solution, absorption was not measured during the five- 
minute periods, but only at the end of the experiment. 
The markedly increased peristalsis made accurate read- 
ings difficult. During this second thirty minutes 6 c.c. of 
fluid were absorbed or slightly less than an average of 1 
cc. in each five minutes. 

In only one instance was the total absorption following 
the injection of salt greater than before, and this was 
probably due to too deep an anaesthesia during the con- 
trol period. In this experiment (No. 5) 2.5 ¢.c. were ab- 
sorbed during the first half hour and 3.6 during the second. 

Figures of absorption for all experiments in which con- 
ditions were constant, including No. 3 just mentioned, 


were as follows: 


TABULATION OF RESULTS OF ELEVEN 


Amount absorbed Amount absorbed 






































during control after injection 
period 30% NacCl solution 
~ Exp. No. 3. | . »+4.2.0 cc. 3.6 C.c. 
~ Exp. No. 4 64 cc 0 Ce. 
Exp. No. 5 | £25.0cc. ~ 65 64 
_ Exp. No. 6 nanaZJa F.- 04 ec 
~ Exp. No. 7 | TT cc. —— 
~~ BXp. No. 8 | 20.0 e.c. 4.5 c.c. 
Exp. No. 9 6.2 c.c. | 8 cx 
Exp. No. 10 7.0 C.c. 1.5 c.c 
~~ Exp. No. 11 | 10.5 c.c. 7.0 c.c. 
~~ BEXp. No. 12 | 8.3 c.c 1.7 c.c 
~~ Exp. No. 13 | 17.0 cc.  ».0 ee. 
~~ Exp. No. 14 10.5 c.c. 3.5 c.c. 





Before injection there was a total absorption of 127.1 
¢.c. of water from the closed loop, while after the injection 
of an average of 1.7 gms. of sodium chloride per kilo of 
body weight, the absorption dropped to a total of 39.1 
cc. This figure represents slightly more than a two-thirds 
decrease and corresponds very closely to the results ob- 
tained in Experiment No. 13 of which the protocol is 
given. In two experiments sodium chloride solutions of 
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much less concentration were used, and here the general 
effect, though similar, was not so marked. 

Following the observation of the effect of hypertonic 
saline on the motor activity of the intestine, careful rec- 
ords were made of the degree of peristalsis in all the suc- 
ceeding animals. It was found that, with a water pres- 
sure in the isolated loop of 80 c.c., the circulation was not 
impaired, as evidenced by the pulsation of the intestinal 
vessels, but that peristalsis was largely, if not completely, 
inhibited during the control period. The rest of the in- 
testinal tract showed the usual rhythmic waves, their 
frequency depending in general on the necessary handling 
during the preparation of the experiment. Injections of 
strongly hypertonic solutions can be made with perfect 
safety, provided the speed of injection is carefully con- 
trolled, and only a fleeting effect is observed on the general 
arterial and venous pressure (Weed and Hughson *). This 
effect can be reduced to a minimum by extreme care in 
administration and such measures were taken in all ex- 
periments to rule out the possibility of modifying the 
results by changes in the blood pressure. 

As soon as the injection of the chloride solution was 
started, the entire intestinal tract, including the isolated 
loop, showed marked peristaltic activity. This continued 
during the time of injection, usually five to ten minutes, 
and persisted throughout the entire period of observation, 
in some instances fifty-five minutes. In no single instance 
did the intestine fail to respond in the manner described. 
The degree of contraction definitely decreased as the ton 
icity of the blood became readjusted, but this was a dis- 
tinctly gradual process. 

Normal salt solution was used in one experiment and 
here again the same effect was produced, but with much 
less intensity and after a latent period of two minutes, 
although the solution was injected rapidly. Dextrose in 
twenty-five per cent solution was also effective but with a 
latent period, while distilled water and Locke’s solution 
had no effect whatever. Somewhat similar effects have 
been reported with the use of sodium bicarbonate and so- 
dium citrate by King and Church * and Sanant, Kleitman 
and Wright,’ though their results were never so striking 
as in the case of the chloride solution. 

Various experiments were made to test the efficacy of 
the salt solution as a peristaltic agent. Section of the 
vagus and splanchnic nerves caused no difference in the 
result. Loops of intestine were painted with novocaine 
one-half per cent, and nicotine one one-thousandth, and in 
neither case was the peristalsis impaired following the 
elevation of the salt content of the blood. In only one 
way could the effect be inhibited. If the isolated loop was 
distended to such a degree that its blood supply was cut 
off, no peristalsis could be observed. In order to imi- 
tate to a certain extent the actual conditions of an ob- 
struction, animals were prepared with a high obstructed 
loop and kept for twenty-four and forty-eight hours. 
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When the abdomen was opened following these operations 
the loop was found to be dilated and discolored and 
showed no evidence whatever of motor activity. Injection 
of the hypertonic salt caused prompt and active peri- 
stalsis. 

DISCUSSION 


The observations reported on the effect of intravenous 
injections of hypertonic salt solution in relation to intes- 
tinal absorption, while confirming in every particular the 
work of previous observers, suggests an interesting pos- 
sibility in the light of Haden and Orr’s chemical observa- 
tions on cases of high intestinal obstruction. These 
authors introduced salt into the system in practically 
every instance by hypodermoclysis, thus replacing that 
which had been lost as a result of the elaboration of some 
unknown toxin. Sodium chloride provided in this way 
would probably never cause an increased concentration 
in the blood stream greatly beyond the normal high level 
and consequently would have no actual effect on absorp- 
tion of material from the intestine by the blood stream. 
Might not, therefore, the intravenous injection of hyper- 
tonic sodium chloride produce a twofold benefit, first, by 
replacing the necessary chlorides lost in the course of the 
toxaemia, and in addition preventing, for a period of time 
at least, further absorption of the toxin into the blood 
stream? Though Van Derlingen and Macht* have re- 
ported increased absorption of drugs from the lumen of 
the normal intestine with increased peristalsis, this would 
probably not hold true in the case of the toxic product, ow- 
ing toa twofold action of the salt in preventing absorption 
while increasing peristalsis. In one clinical case of low 
obstruction (where Haden and Orr have shown there is 
no loss of blood chlorides) treated with intravenous so- 
dium chloride, the improvement in the patient’s general 
condition was most marked. 

As an activator of intestinal peristalsis sodium chlor- 
ide, given intravenously, has been demonstrated as 
effective under practically all experimental conditions, 
except where the blood supply to the bowel has been cut 
off. This would indicate that the effect of the salt is 
directly on the muscle fibers of the intestinal wall, caus- 
ing contraction by a withdrawal of fluid from the muscle 
cell. 

The intestine of the experimental animals was treated 
in a variety of ways, in attempts to simulate the 
different forms of ileus encountered clinically. Or per- 
haps more accurately expressed, conditions were repro- 
duced which might fulfill theoretical explanations of in- 
testinal paresis. The usual treatment of adynamie ileus 
is certainly one of the most unsatisfactory forms of 
therapy. Oral medication is obviously unsound, owing 
to the small likelihood of the therapeutic agent being 
retained in the stomach long enough to permit of its pas- 
sage into the intestine, and even though it be retained, 
the intestinal mucous membrane can hardly be expected 


[ No. 401 


to behave toward the drug in a normal manner. Local 
external measures, such as stupes, are seldom of them. 
selves effectual. We are, therefore, forced to place our 
main reliance on substances which can be given hypo. 
dermically. Here, unfortunately, we are again placed at a 
disadvantage due to the impossibility of putting complete 
reliance on any drug of this nature as yet available. 
Many attempts have been made to prepare some of the 
peristaltic agents which might prove effectual if given 
intravenously, but so far with no particular success. The 
use of hypertonic sodium chloride solutions injected 
intravenously furnishes a distinetly reliable agent for 
promoting peristalsis in intestinal loops, which for some 
reason have lost their power of motor activity. Loss of 
circulation in the intestine means, of course, the prompt 
development of gangrene, so that this particular contra- 
indication to contraction, gangrene, prevents of itself 
any possibility of motor activity. Organic obstruction 
of a loop of bowel might well be considered a reason for 
keeping the bowel at rest, but fortunately the differ. 
ential diagnosis from an adynamic condition can ordi- 
narily be made. Hence, the possibility of producing active 
peristalsis in the presence of organic obstruction should 
be easily avoided. The peristaltic action of the salt should 
alway# be borne in mind when it is used to replace the 
sodium chloride lost from the blood stream. Post-opera- 
tive distention, a mild form of ileus, which frequently 
responds so poorly to treatment, might very well be 
avoided by the use of the sodium chloride solution. In- 
terestingly enough Haden and Orr report the death of 
two of their experimental animals from an acute obstrue- 
tion due to intussusception in the course of their salt 
treatment. Although this condition is quite a common 
one in dogs, the connection with sodium chloride therapy 
suggests the probability of increased intestinal activity. 


Clinical application of the method has so far been very 
small. However, two cases observed have shown most 
striking results. In an adynamic ileus following a com- 
pound, comminuted fracture of the femur which had 
resisted every form of treatment, persistalsis was imme- 
diate and prolonged following injection of the salt, al- 
though pituitrin, stupes, oral and rectal medication had 
all proved entirely unavailing. Another case showed 
marked atony of the bowel following colostomy for relief 
of obstruction. The salt again caused prompt and active 
peristalsis, whereas for five days after operation no 
amount of pituitrin or local stimulation had caused the 
slighest evidence of it in the colon, and the patient’s con- 
dition was rapidly becoming desperate. 


Hypertonic sodium chloride solution can be given intra- 
venously with perfect impunity in concentrations of from 
fifteen to thirty per cent. Numerous reports of its clini- 
‘al use in reduction of cerebrospinal fluid pressure have 
been made. In doses of 2-2.5 gms. per kilo of body weighit 
the salt becomes toxic, so that the administration of one- 
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sixth to one-third of a gram per kilo gives a distinct 
margin of safety, and this dose should be used. Emphasis 
is again laid on the necessity of slow injection, not more 
than 5 ¢.c. per minute. At this rate the effect on arterial 
and venous pressure will be negligible. 


CONCLUSIONS 


1. Intravenous injection of thirty per cent sodium 
chloride solution decreases the absorption rate of water 
from an isolated loop of duodenum and jejunum in cats. 

2. The injection of this hypertonic solution furthermore 
causes active peristalsis, not only of the normal intestine, 
but of loops of bowel which have been subjected to vari- 
ous experimental procedures designed to imitate paresis. 
This holds true so long as the blood supply remains in- 
tact. 
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Effect of Intravenous Sodium 


A Contribution to the 


GLYCERIN, ITS USE AS ANeANTIKETOGENIC SUBSTANCE IN THE 


DIET OF DIABETIC PATIENTS 


By Henry M. Tuomas, Jr., M.D. 


The value of glycerin as an antiketogenic substance of 
relatively low carbohydrate equivalent has recently been 
pointed out by McCann and Hannon in a paper read be- 
fore the American Society for Clinical Investigation, in 
May 1923. 
Bulletin of the Johns Hopkins Hospital for March, 1923, 
and in the Archives of Internal Medicine for August 
1925, where its use in severe cases for very short periods 


Further mention has been made of it in the 


was reported. 

When attempting to arrange a satisfactory diet for a 
patient (Mrs. M.) who suffered from a fairly severe form 
of diabetes mellitus, and in whose case various difficulties 
of management had been encountered, it was suggested by 
Dr. McCann that the use of glycerin might prove valu- 
able. The results were so satisfactory that glycerin was 
given to another patient te whose case it seemed suitable, 
and she also responded well. It is the experiences with 
these two cases that form the basis of the present report. 

A. Bouchardat, in his book “De la Glycosurie ou Dia- 
béte Sucré,” Paris, 1875, made the following comment 
upon glycerin: “Almost fifteen years ago, I prescribed, for 
patients who could not take their coffee without sugar, 
pure glycerin to take the place of the sugar. After this, 
however, I found glycerin in the urine in certain cases of 
glycosuria, and stopped using this substance. Another 
reason that led me to discontinue its use was that I saw 


a patient waste away, during the administration, perhaps 
exaggerated, of glycerin in his food. Today, when it 
can be procured more easily in a perfectly pure state, I 
intend to prescribe it again, encouraged by some favor- 
able reports that have come to my attention. This study 
still needs very careful control, for it is an easy matter, 
by heavy dosing, to produce glycerin in the urine.” 

After this nothing of note is to be found in the litera- 
ture concerning glycerin in the treatment of diabetes un- 
til 1902 when in several papers Max Cremer referred to 
its effects in dogs that had been depancreatized and also 
in phlorhizinized dogs. It was in 1902 also that H. 
Liithje published his experiments on feeding glycerin to 
depancreatized dogs; he was able to demonstrate an in- 
crease in the amount of sugar excreted in the urine that 
corresponded to about 40% of the amount of glycerin in- 
gested. 

Shaffer, in the first of his papers dealing with antiketo- 
genesis, published the results of experiments made in 
vitro which demonstrated “that the oxidation of glucose 
in alkaline solution by hydrogen peroxide accomplishes 
the disappearance of acetoacetic acid if the latter be pres- 
ent in the solution......... Fructose and glycerol exert 
the same effect as glucose, while lactic acid is without 


such action.” 
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In recent years glycerin has occasionally been used as ¢ 
sweetening agent in the diet of diabetics more or less 
after the method employed by Bouchardat sixty years 
ago, but as far as I have been able to discover McCann 
and Hannon are the first investigators to appreciate the 
value of glycerin as an antiketogenic agent with which to 
replace carbohydrate in a diet in which ketogenic and 
antiketogenic substances are carefully balanced, thereby 
taking advantage of the fact that glycerin is only in part 
converted into sugar. Since Emery and Benedict have 
demonstrated that the calorific value of glycerin (4.5 cal. 
per gm.) is practically the same as that of carbohydrate 
(4.1 cal. per gm.), the calorie content of a diet that con- 
tains glycerin can be definitely calculated. 

The decision to make use of glycerin in the case of Mrs. 
M. can be easily explained. It will be seen by studying 
her chart that adherence to a “maintenance diet” was 
impossible if the method described by Woodyatt for pre- 
serving a safe ketogenic antiketogenic balance was to be 
followed. A diet that kept the urine free from sugar 
resulted in a loss of weight and strength as well as in the 
continuous excretion of acetone bodies in the urine. 
When the diet was increased, glycosuria appeared and 
the hyperglycaemia (which was never entirely absent) 
increased materially. It was at this time that we began 
to make use of glycerin, substituting 30 gm. of that sub- 
stance for 14 gm. of carbohydrate in the diet. Of 30 
im. of glycerin ingested it is assumed that 40% (or 12 
gm.) is converted into carbohydrate and burned as such, 
the remaining 60% (or 18 gm.) being presumably utilized 
as a non-carbohydrate antiketogenic substance. After five 
days of the diet thus modified acetone disappeared per- 
manently from the urine. This change—the substitution 
of glycerin—kept the available glucose at practically the 
same level but increased the antiketogenic substances by 
some 16 gm., and thus stopped acetone formation although 
failing to lower the level of the blood sugar. In an at- 
tempt to lower the level of the blood sugar a second change 
in the diet was made which reduced the fat and carbo- 
hydrate by 10 gm. each. In this way the available glu- 
cose was reduced by some 13 gm. and the fatty acids by 
some 9 gm. with a total loss of only 62 calories. On this 
diet the blood sugar fell to its lowest observed level (0.14 


mg. %). 


On account of the persistently high level of the blood 
sugar the patient was kept on a diet of 1550 calories, of 
which only 76 gm. represented available carbohydrate ; in 
addition one green-vegetable day a week was ordered. 
During five months of this regime the patient gradually 
lost sixteen pounds in weight and felt somewhat weaker, 
and since the level of the blood sugar remained high the 
The body- 


7 


weight then remained stationary and by February 1923 


food-intake was increased to 1700 calories. 


a diet of nearly 1800 calories (including glycerin 40 gm.) 
could be prescribed and the weekly vegetable day discon- 
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tinued. This diet maintained uninterruptedly for ten 
months led to a steady gain in weight (15 Ibs. increase), 
The blood 
sugar, it is true, staved at a high level but the urine re. 


in strength and in the feeling of well-being. 


mained free from both sugar and acetone. During a long 
period (now over 20 months) Mrs. M. has ingested daily 
an amount of glycerin that has varied between 30 gm. and 
40 gm. While taking glycerin there have been only two 
slight gastro-intestinal upsets, each lasting for only four 
or five days; these upsets have been less severe than were 
several similar attacks from which she had suffered dur- 
ing previous summers. 


Further to demonstrate the beneficial part played by 
the glycerin in the patient’s metabolism, an equal weight 
of carbohydrate was substituted for the glycerin on Jannu- 
ary 18, 1924. After five days of this glycerin-free diet 
both sugar and acetone reappeared in the urine and the 
blood sugar rose to its highest observed level. On Jannu- 
ary 24th the glycerin diet was resumed and the urine 
immediately became again free from both sugar and ace 
one. Without the glycerin diet this patient seems unable 
to live upon a metabolic plane that permits of mild house. 
hold activity. 

Recently, a colored patient, K. O’N., who for many 
years bad been under the general supervision of the 
Johns Hopkins Medical Service because of diabetes, was 
admitted to the ward on account of her serious condition. 
While there it was found necessary to give her rather 
large doses of insulin (see Chart II) in order to free her 
urine from sugar; and as she improved, it was found that 
she required some ten units of insulin per day. On dis- 
charge the patient refused to submit to the daily injection 
of insulin and, in fact, she was temperamentally unfitted 
to administer it to herself daily. During the first two 
or three weeks that she spent at home on a reduced diet, 
without insulin, her urine remained sugar-free, but she 
lost three pounds in weight and became weaker and great- 
ly discouraged. On October 26, 1923 glycerin was added 
to her diet and the amount of fat in the diet was increased. 
On this 268-calorie increase per diem she was able to 
maintain her weight and in the following week to regain 
two pounds. Since then she has gradually gained in 
weight and in strength, and she has become able to under- 
take a half-time position as a family maid. 

Glycerin would appear therefore to be a valuable agent 
for increasing the antiketogenic content of the diet, there- 
by producing an increase in the amount of fully catabo 
lized fat, while at the same time the carbohydrate content 
of the diet can be kept at a relatively low level. Its sphere 
of usefulness as a daily component of diabetic diets is 
limited to those cases in which the carbohydrate tolerance 
is slightly lower than that necessary to permit of 4 
“maintenance diet,” that is, of a diet that will prevent 
loss of weight when the patient resumes the daily routine 


of life and moderate work. In cases of this character, 4 
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ire ungry, discouraged person may be converted, by : : 
tired, hungry , ae ead ". BIBLIOGRAPHY 
means of a glycerin-containing diet, into a cheerful, con 
tented one, for whom some degree of physical activity is 
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McCann, W. S., and Hannon, R. R.: Read before Amer. Soc. 
for Clin. Investigation, May, 1923; Johns Hopkins Hosp. Bull., 


practicable. 1923, XXXIV, 73: Arch. Int. Med., 1923, XXXII, 226. 


As has been noted in other publications, patients who : 
Bouchardat, A.: De la Glycosurie ou Diat 


suffer from mildly unpleasant reactions due to the in 1875 
Otte. 


gestion of glycerin are occasionally encountered. Such 
symptoms as nausea, vomiting and urticaria have been 2 ae 
epdatepoagwatine ; 5 . med. Wehnschr., 1902, XLIX, 944. 
observed after its use in the wards of the Johns Hopkins 

. ‘ Liithje, H.: Deutsch. Arch. f. klin. Med., 1$ 
Hospital, but disturbances so caused are rare and are 


never serious. Shaffer, P. A.: J. Biol. Chem., Balto., 1921, 


| desire to express my appreciation of the technical Emery, A. G., and Benedict, F. G.: Amer. J. 
laboratory assistance given by Miss Fannie CC. Michael ton, 1911, XXVIII, 301. 











both in chemical estimations and in dietary supervision. Woodyatt, R. T.: Arch. Int. Med., 1921, XX 
CHART I.—Case of Mrs. M. 
URINE BLOOD DIET ORD DRED CALORIES © e DIET EATEN 
‘ - — 32/2 
Amt. | ~U8®* | Acet. | Diac. | 6 Sugar P F. c. | SS] Re Req s5 | S-| pe. ; ( Glycerin 
ems. S St <u |< 
2 ~ | 68. “—— Fw a eat ouss 20) 129) 60) .. | 1528 | 1420 0 | 124 2 2 ) 
8) 2 14.4 i ae eg Eee KE o se 0 | 128 | 60 
67 9/22 | 4500 9 % OS ia Saree 20 | 120 | 55. 2 aoe Si) 117} 21) 120) 51 
3710/22 | 1935 | 3.68| + | © cg Samat 34] 114) 48) .. | 1396 si 79 | 118 | 35.] 112 | 42 
“6/11/22 | 1530 1.53 Fag) ere ee ie Pea rad $5 | 116 | 48 
6/12/22 220 0 0 a Lp rants i eerraee 1G af 5 | 116 | 48 
“6/13/22 : ms 3 } 0 ag yew 55 | 116 | 44 1474 aa 88 | 130 | 55 | 117 | 44 
6/14/22 fs 0 ‘a ‘pares oor i116 | 44 
6/15/22 | 1680 | 0 y RPP eS ra 113 0 
$/16/22 | 1800 | 0 + n ad denkcc | oe OO Bee 3 98 | 130 | 53 | 116 
6/17/22 | 1140 a Sas eer ee hare i ere EOE re oat . | 58 | 115 | 54 
6/18 22 2250 0 > «we fT <. . ‘ss ‘ em 7 e . ‘ = - 64 115 »6 
6/19/22 | 2920 | 2.92 n 0 se eRe c pen Fo er ee ane .. | 55 | 118 | 54 
"6/20/22 | 2280 0 + | O | .. |.21ms.%| 55 | 116 | 49 | .. | 1505 93 | 130 | 55 | 117 | 44 
6/21/22 | 2070 | 1.86 n De eee eer (err eee ere ee . | 55 | 117 | 42 
"6/22/22 | 1680 0 ; 0 aE! aie > | 116 | 44° 1474 ‘er 88 | 130 | 56 | 114 | 44 
6/23/22 | 2000 | 0 } “0 vig (Feat ey ae 7 ' aay .. | 56] 119 | 44 
“6/24/22 | 1860 0 - ee ee ee eee ee 49 ie .. | 56 | 115 | 45 
ij 4 : y 86 
6/25/22 | 1560 0 \ " oN wood 55 | 116 | 30 | 30 | 1546] .. 18 | 130 | 55 | 115 | 30 30 
| 
104 
6/26/22 920 0 0 s 6 11 2 0 
6/27/22 0 a RE peoveney ay 4] 11 2 0 
€/28/22 | 0 0 bar nf a rey ) 115 29 0 
29/22 | 0 0 .20 mg.% a OFFS 6 15 1 0 
6/30/22 | 2210 0 0 0 ap) yore 55 | 106 | 20 | 30 | 1412 os 18 | 121 | 55 | 106 | 21 30 
93 
7/1 22 1330 0 0 0 6 0 0 0 
“7/ 2722 | 1390 0 0 0 vi 5) 10 0 0 
a 22 | 1330 0 0 0 14 mg.% 7 wy - : 0 10 20 ) 
7/7 4/22 | 1950 0 0 0 Sg Eqesgeers >) | 106) 20 | 30 | 1422 | 1420 93 | 121 | 56 | 106 | 22 30 
. 22 2390 0 0 0 aia 5 106 20 0 
T/ 6/22 2250 0 0 0 68. 104 0 0 
“77 7/22 | 2500 0 0 0 T 54 | 10 2] 0 
7 8 22 2040 0 0 0 en y Te keel ; 7 : 56 106 a5 Glucose 
given 
-e 1800 0 4 0 2° ee vee a0 106 55 by mis- 
take in- 
10/22 2000 0 - 0 ws ’ ; 54 106 57 stead of 


glycerin 


Cremer, M.: Ergebn. d. Physiol., 1902, I, 


ete Sucré, Paris, 


803; Miinchen. 


904, LXXX, 98. 
XLVII, 433. 


Physiology, Bos- 


VIII, 125. 


Weight Insulin 
Ibs. units 


36% 
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Date 

11 

Lz 2 
l 2 
14/22 
l ee 
16 2 
Li 2 
18/22 
lu > 
0 

7 , 
11/22 
14 2 
" > 
13/22 
0 2 
17° 
8/2 
0/2 
$/23 
1/23 
a? 

1/23 
17 2 
18/2 
24/2 
17/24 
Is/24 
1¥/24 
z0/24 
21/24 
22/24 
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BLOOD 


Sugar 


co 


1S mg. % 


21 mg.% 


16 mgs. % 


22 ms. % 


19 mg.% 


20 ms. % 


18 mgs. % 


-19 mg. % 


(Epstein) 


22 mge.% 


Glycerin discontinued 


(Epstein) 
.26 mgs. % 


(Epstein) 


29 


22 mg.% 


DIET ORDERED 
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Continued 


CALORIES 














MET EATEN 

















Weight 
- Ibs. 
I F. ( >= Rec, Req P I { Glycerin 
F 422 | 1395 75 | 121 | 54 | 106 | 21 30 134% 
»6 106 21 0 
6 106 1 s0 
5 | 107 | 21 30 l 
1000 gms. 5% 8 l 21 134 
vegetables 
5D 120) 20 1) 30 155 76 134 5 120. 21 0 
—~ —a 
6 122 2 0 133% 
‘if " 5 | 120!) 21 0 
; 7 6 ( Mm ft wes 
ip 3 5 ~ 30 133 
iz | 4 120 | 20 0 
55 | 120 20 30 5 120 20 0 132% 
and 1000 gms. of 
5% vegetables one 
day each week 
: 1346 3 | 118 | 20 30 
a a oe 6 | 121) 20 30 
wee ie 9 { 119° 7 0 ~ 
20 | 36 | 1697 | 1297 82 | 145 | 51 | 126) 21 36 
43 1) 136 | 25 6 
onl 1289 . | 49 | 187 | 26 5 
30 | 140 | 25 | 40.) 1782] .... 84| 149] 48] 140] 25]; 40 
5% vegetable day Patient burned three l 139 6 _— 
discontinued toes in hot water. 
Healing very slow on 
account of marked ar- 
teriosclerosis, ete. The 1 138 25 10 
attempt was made to 
lower the blood sugar 
with insulin but with 1 139 25 40 
negative results. Le- 
sions finally healed. 
ey Ray es : G $2 | 1387 | 26 10 117 
oie 0 139 5 10 ' 
heel 8 x i9 | 137 | 25 40 117% 
a ecneeay ee pew 2) 140) 25 10 119 
pees pees oes 2] 141 | 2 10 119 
mS I Sy Gas ie 1782 1297 51 140. 25 40 118 
4 CPS TR 2 | 141 | 25 0 125 
i i8% pare 139 26 10 od 126 
50 | 140 | | 10 49 138 25 io.” ~ 4137 
19 138 25 10 129% 
Fag HES 19 | 140 | 26 ~ 40 130% 
from diet; Carbohydrate 40 gm. substituted 
0 | 140 | 65 1774 108 | 149 52 | 136 | 63 * : 
‘ ae 131 
0 140 | 25 10 1782 10 ” 
z a Seed — cane 
om i ove Ef 40 a aes 
r ag ey pat 40 
pe ig i 40 
i ie |. : 410 
Pa, satan, iat 1387 10 132 
‘2 fe 40 
1 140 26 10 
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URINE BLOOD 
Date 
An ugar | Acet Diac co Sugar 
gms. 
2 Admitted to Hospital and urine 
became sugar free on 
Discharged on 
0 
0 
2 0 
: 0 0 
B/<é 
0 
S 6080 8 =i + 8.9 92? 
4 780 Ss 
20/2 6500 30.5 n 18.0 12 
2 6700 20.5 18.0 312 
22/72 6800 18.5 23.0 296 
23/2 6500 0 19.2 176 
24/2 6000, 17.0 220 
9 9 6200 0 0 54.0 201 
26/2 0v”U 0 0 = 148 
? 200 0 . 0 go 4, 143 
aN 2? 2000 ~~ 0 0 
29/2 1600 . 0 0 0 tye 
3072 65.4 151 
71 ? Ou 0 ~ oO ~O ‘ 
2/2 2200 trace 0 v 7 
2500 0 -— i 0 
4 23 2900 0 F “O 0 - 
< s200 trace ~ 0 U 
mg o S000 u 0 u - 
2 2900 0 0 0 55.1 126 
"s 2 2800 0 0 0 ; 
Pi 2900 0 0 0 
U/lo 000 0 0 0 
? 2950 0 0 0 $5.7 125 
of/z 1000 75 0 
~ 0 0 o 
$/2 0 0 
r 0 0 59.6 182 
6/2 0 0 
2 3600 0 0 
18/23 2600 7.8 0 0 
19 23 2600 7.8 0 0 
-0/23 1800 .6 0 0 
72] 23 1900 72 0 0 221 
22/2 1800 9.6 0 0 211 
2 2 1700 8.4 0 0 198 
24/23 1200 6.5 0 0 
25/23 1400 6.5 0 0 
26/23 1200 5.5 0 0 
27/2 1600 6.0 0 0 58.5 208 
“8/2 1800 5.0 0 0 
2972 1700 6.0 0 0 59.6 218 
0 ; 950 0 trace 0 
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DIET ORDERED CALORIES 
































I F, ( > 5 Rec. Req 
0 100 0 1258 
33} Llu | 48] 1281 
45 “710 60 - 1546 
60 | 12 75 . | 1670 
0) 100 » | 1340 
0 100 ~. | 1279 
5 | lus | 45 | 64 
"Starvation 
2) 108 | 4a 1300 | 1350 
2 “108 45 1300 1350 
>) 108 | “45 1300 1350 
7 108 | 45 | 1300 | 1350 
“| 108 | 45 1300 | 1350 
]} 108 | 45, . | 1300 | 1350 
2) 108 | 45 |. 1300 ) 1350 
32) 108 | 45] .. | 1300 | 1350 
32] 108 | 45). 1300 | 1350 
32] 110 | 50] | 1400 | 1350 
6 |] 55] .. | 1500 | 1350 
36 | 125, 65S | ss 1500 1350 
is 163 | 68 5 *e 2000 1350 
18 | 163 | 68 | 2000 | 1350 
68 1 7 2000 g 1350 
68. ans 2000 1350 
roto 2000 | 1350 
68 0 2000, 7 1350 
68 ia ¥ “7 2000 ~ 1350 
68 ae 2000 2 1350 
68 i 2000— ‘ 1350 
is 163 6a |. 2000 4 
{X 163 68 poe 000 ‘ 13: 
iS 163 68 |. 2000 1350 
iS "163 | 68 os 2000 1350 
is 163 68 # 2000 1350 
{8 h 4 163 1 r S 2000 1350 
is 163 68 | .. 2000 “1350 
18 | 163 | 68 | .. | 2000 
iS 163 1 6S 2000 
tS 163 68 2000 350 
18 163 48 2000 1350 
XS 163 a 68 2000 1350 
iS 163 68 2000 1350 
iS 163 6S 2000 1350 
iS 163 68 2000 1350 
tS 16: 68 2000 1350 
iS 163 6S Ms 2800 1350 
iS 163 68 2000 1350 
tS 163 68 2000 1350 
iS 163 7 6S 2000 1350 
tS 16: 68 2000 1350 
8 | 163 | 68 ~ | 2000 | 1350 
2000 1350 


Case of KF. O'N. 


BULLETIN 





76 


SY 


112 


169 


EATEN 
Weight 
lbs. 

( Glycerin 
106 
118 
106 
104 
100 
100 
101% 
105% 
105 
101 
105 
104% 

15 21 
100 

hs 

bs 

68 

hs 

HY 

bs 

hs 

hs 

bs 

69 102 
97% 
19% 
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CHART I1.—Case of K. O'N.—Continued 
URINE BLOOD DIET ORDERED CALORIES e e DIET EATEN 
~— ies te. 2:\2 | = 
Amt. a Acet. Dias co Sugar P. F Cc. Z S R Req 52 5 = I t ( Glycerin 
— = = = = — 
8/41/23 900 0 trace 0 is 163 ts 2000 1350 a kb eng i <5 20 
»7 1/23 i8b0 0 0 0 iS ié3 | 68. 2000 1350 % 0 
»/ 2/23 0 0 0 18 | 163 | 68 2000 | 1350 — 
97 3723 0 0 0 18 | 163 | 68 2000 | 1350 is 
»/ 4/23 0 0 0 61.9 207 iS | 1638 68 2000 | 1350 . 97} 10 
9/7 5/23 | 1350 0 0 0 44 | 146 | 61 1800 | 1184 | 101 | 151 10 
7 672 i800 | 31 0 4) 146 | 61 1800 | 1184 Te 
9/7 7/23 | 1750 | 28 0 144 | 146 | 61 1800 | 1184 15 
7 8 1s00 0 } 0 182 4 | 146 | 61 1800 | 1184 20 
9 »/2 1950 0 0 . i 146 61 1800 1184 20 
y/ 1072 000 0 0 0 14) 1461 61 i800 | 1184 Ty 
1/1172 700 0 0 0 168 44 | 146 | 61 1800 | 1184 7 20 
¥/12/2 2400 0 trace 0 4 | 146 | 61 1800 | 1184 ‘ 15 
1/1372 1900 0 0 0 4) 146 61 1800 1184 7 4 a “10 
1/14/2 1950 0 0 0 44° | 146 61 “1800 | 1184 ‘ 10 
Y/15/72 2000 0 trace 0 4) 146) 61 1800 | 1184 ee 10 
1/1672 2100 0 trace 0 44 | 146 | 61 1800 | 1184 - “| 102 “10 
¥/17/723 2450, 0 } 0 Raat a 44.) «2146 61 . | 1800 1184. Pegler i 10 
9/18 Discharged from Hospital ray PSs TEM = OE fuatecs.| ) ae 
9/25/23 0 0 aes 45 9 | 33 |..LrT . 101 PR 
0/16/72 0 0 0 8 | 102 7 J 1291 ” oe, a “min 
10/26/23 0 0 0 5 | 124 | 25 | 80 | 1559 nian _ 99% ae 
il’ 272 0 0 0 . 45 124 5 | 30 ~ Feels better | 100% |... 
- :  F i Looks better; working 7 
11 y/2 0 0 0 18 $5 124 25 30 1% hours q. d. 101% 
i1/16/23 0 . | Oo 13 45 | 150 | 25 | 40 | 1844 J geck. cian f Pod eee 
il/30/723 0 o | 0 18 15 150 5 7 eens ~~ i , 101% ae 
we -— te ts is i 150 | 25 | 30 | 1801 ae 102 eer reT 
oo we oF ec 5 | 115 | 25 | 30 | 1475 | i Re a 101 
se 2 | © a .. | 46) 190 | 38 | $@ |) 2893] ....1... aa z S Ween eaten 100% ae I 
l1/18/24 —_ o | OT cese | 46 | 120 | 25 | 30 hab  e 5 RR epee: 103 tr 
5 i a . | 0 22 | 45) 120) 25 | 30 7 “i Oe spe 104 cay 
vo -?. ft - © a a5) 120 | 30 : Pa - = 105 








A STUDY OF LYMPH 


Breck, M. D. 


By CLAUDE 


S. 


PRESSURE 


Arthur Tracy Cabot Fellow, 


Harvard Medical School 


(From the Laboratory o 


f Surgical Research, Harvard 


Medical School) 


INTRODUCTION 

The subject of pressure in the lymph system has re- 
ceived but little attention. In a review of the literature 
on the general physiology of the lymph system only five 
reports on the subject are found. Noll,’ in 1850, inserted 
into the cervical lymph trunk of dogs a small cannula 
connected with an upright manometer tube from which 
readings were taken, and reported the normal pressure 
as varying from 8 to 18 mm. of soda solution; however, in 
one experiment the pressure rose to 26.5 mm. Weiss,’ in 
1861, reported the pressure in the cervical lymph trunk 
of dogs as varying from 5 to 20 mm. of soda solution and 
the pressure in the thoracic duct of colts as varying from 
9.97 mm. of mercury to 15.74 mm. of mercury (in terms 


of soda solution, 125.4 mm. and 198. mm. respectively). 
Colin,® in 1873, reported the thoracic duct pressure in a 
bull at 108 centimeters of lymph and following the ab- 
sorption of food from the intestine, the pressure rose to 
114 centimeters. No further work was done upon the 
subject until 1921 when Jappelli* reported the pressure 
in the thoracic duct of dogs as varying from 100 to 200 
mm. expressed in terms of lymph, but in one experiment 
the pressure rose to 1100 mm. He reported also that 
hypertonic salt solution injected into the blood stream is 
followed, after a period varying from 30 to 90 seconds in 
which there is no change in pressure, by an abrupt and 
marked rise in the lymph pressure; that isotonic salt 
solution produces a slight rise in the pressure and that 
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Jury, 1924] 
hypotonic salt solution has no effect upon the lymph 
pressure. 

Fr. ©. Lee” working in this laboratory, introduced a 
method which facilitates the determination of pressure 
in the lymph system. The Y segment of veins formed by 
the junction of the subclavian with the jugular to form 
the innominate and into which the thoracic duct empties 
is dissected and ligated as described by Livon, Léon 
Fredericg ° and by Jappelli* for the establishment of a 
permanent thoracic duct fistula. Sodium citrate, as an 
anticoagulant, is introduced into this cistern through a 
cannula placed in the arm formed by the subclavian vein, 
and one of the short ends of a T-shaped manometer tube 
is introduced into the arm of the cistern formed by the 
jugular vein. The other end of the T-shaped manometer 
tube is provided with a stop-cock which allows the fluid 
to escape When the system is washed. The pressure in the 
cistern, Which is the thoracic duct pressure, is indicated 
by the height of the column of lymph in the vertical arm 
of the manometer. The vertical arm is 3.5 mm. in diam- 
eter to avoid capillarity; it is coated with a thin layer of 
paraftin to prevent clotting, and rarely did clotting occur 
in experiments lasting several hours. Lee found the 
normal pressure in dogs to be 150 mm. of lymph and that 
the pressure rose to 350 mm. of lymph when the respira- 
tion became forceful as produced by deep ether anesthesia. 


METHOD OF INVESTIGATION 


The method employed in this study is shown in the 
accompanying sketches and is essentially the same as the 
method described by Lee except that the pectoral muscles 
and the innominate vein are not divided. A V-shaped in- 
cision is made in the neck, the arms of the V extending 
in the directions of the jugular and the subclavian veins 
and the point of intersection of the arms lying at the 
lateral margin of the lower portion of the left sterno- 
cleidomastoid muscle. The dissection is carried down 
to expose the lower portion of the jugular vein, about one 
inch of the subclavian vein, and the beginning of the in- 
nominate vein. The most satisfactory method of ap- 
proach is to expose the external jugular vein and to 
dissect bluntly with the scissors along its medial border, 
piercing the suspensoria pleurae fascia close to the vein, 
thus exposing the beginning of the innominate vein. 
From this point the dissection is carried laterally to 
expose the subclavian vein. The subclavian artery, the 
subclavian vein, the jugular vein, and the innominate 
vein are ligated in the orger given, the subclavian artery 
being ligated to avoid stasis in the left foreleg. The seg- 
ment of veins produced by this ligation forms a cistern 
which becomes distended with lymph, and, when dis- 
tended, the thoracic duct can be seen and avoided in the 
process of isolating the cistern from a number of minute 
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veins which empty into it. The valve in the jugular vein 
should be cut. When the fluid in the cistern becomes free 
from any admixture with blood the dissection is com- 
pleted; a wash-out cannula is inserted into the sub- 
clavian vein and the manometer tube is inserted into the 
jugular vein. After washing the cistern with sodium 
citrate the wash-out system is closed. Lymph rises in 
the manometer and readings are taken every minute to 
tenths of a centimeter. 


Experimental results were obtained in thirty-three 
dogs. All food was withheld for a period of twenty-four 
hours preceding the experiment and water was allowed. 
ther, carefully administered, was found to be the anes- 
thetic of choice. It was administered by the intratrach- 
al insufflation method by which a constant amount of 
air mixed with varying amounts of ether vapor was 
forced into the lower part of the trachea at a pressure 
not exceeding ten millimeters of mercury. Ether pos- 
sesses a lymphagogue action but if the inhalation be well 
regulated, its action, as shown by Yanagawa,* is regular, 
and in the experiments of this study variations in the 
depth of anesthesia had no effect upon the lymph pres- 
sure, provided the reflex movements were abolished and 
the respirations were kept regular. 

The results are recorded in tabular form and typical 
experiments are shown graphically. Pressures were taken 
from the femoral vein to indicate gross variations in the 
capillary blood pressure and were recorded in terms of 
normal salt solution. In each of the graphs the abscissae 
represent the time intervals in minutes; the ordinates 
represent lymph pressure and venous pressure, each 
small unit representing a pressure of ten millimeters of 
lymph or of normai salt solution, respectively. 


EXPERIMENTAL RESULTS 


The Effect of Massage of the Muscles, of Pressure upon 
the Abdomen and of Compression of the Abdominal 


Organs upon the Lymph Pressure 





Time in Minutes 


Graph 1.—Experiment 20. Lymph pressure curve. The 
heavy lines represent, in order, massage of the thighs, chest, 
abdominal wall, cessation of ether, deep pressure upon the 
abdomen synchronous with expiration. 
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Pressure in coms. 





Time in Minutes 
Graph 3.—Experiment 21. Ether anesthesia. Curve 1 
shows the lymph pressure; curve 2 shows the venous pressure, 
The first heavy line indicates withdrawal of 600 c.c. of blood; 
the second heavy line indicates the refusion of the blood with 

40 c.c. of 2.5% sodium citrate solution. 
Bleeding produces a fall in both the lymph pressure 
and the venous pressure. Due to the low initial lymph 
pressure in experiment 21, the effect of bleeding is not 


Tame in Minutes 


Graph 2..-Experiment 17. Dog 9, 4 kilograms. Ether anes- so marked as in experiments 1 and 2, Table I. It is ap- 


thesia. Lymph pressure curve. Deep pressure was applied parent that a fall in lymph pressure is not demonstrable 
to the abdomen at 51. The abdomen was opened and the fol- in the manometer unless the valves in the lymphatics be 
lowing procedures carried out: at 60, compression of the intes- incompetent, and this is sometimes the case when the 


tines; at 69, compression of the liver; at 74, compression of . . : : 
P vessels are distended with lymph. Bayliss and Starling ® 


the spleen; at 76, compression of the kidneys; and at 78, x a c 
have shown that bleeding is accompanied by a fail in the 


pressure was applied to the posterior abdominal wall in the 
region of the cisterna chyli. Respiration ceased at 84. pressure of the blood capillaries of the liver and the 
intestines, and Starling '® explains the decreased produc- 
tion of lymph which follows the bleeding as due to the 
fall in the filtration pressure of the blood capillaries. If 
the higher pressure on one side of the filtration membrane 
be sufficiently reduced, the pressure on the other side will 
be reduced also by a reversal in the direction of the flow, 


Massage of the muscles has no demonstrable effect 
upon the lymph pressure, the rise that occurs with the 
beginning of the massage in Graph 1 is incidental and is 
not obtained in the other experiments. Changes in pres- 
sure as applied from without the lymph system are ac- 
curately reflected upon the pressure in the thoracic duct. 
The column of lymph in the manometer is seen, in most 
of the experiments, to rise with expiration and to fall | 
with inspiration. An abrupt increase in the intrathoracic 
pressure causes the lymph pressure to undergo an abrupt 
rise, as is shown in Graph 1 at 60 and at 63 when the 
anesthesia became light and the animal began to move. 
In Graph 2 the abrupt and marked rise produced by pres- 
sure upon the abdomen, the cisterna chyli, and its tribu- 
taries, and by compression of the intestines, the liver, and | 


and the assumption is probably correct that a fall in the 
pressure in the blood capillaries may produce a corres- 
ponding fall in the pressure of the lymph capillaries by a 
reversal in the direction of the flow of lymph. The refus- 
ion of the blood as shown in Graph 3 produces an imme- 
diate rise in the venous pressure and this rise is followed, 
after a few minutes, by a rise in the lymph pressure. 
The refusion of the blood thirty minutes after it has been 
taken from the animal results in a transient condition of 
hydraemic plethora with the production of an increased 
capillary blood pressure, and an increased filtration pres- 


the spleen is, in each case, due to the mechanical act of | 
forcing lymph from the capillaries and lymph radicles | 
sure, which, in turn, increases both the quantity and the 


into the thoracic duct under an increased pressure. The 

abrupt fall in pressure following these procedures is due | pressure of the lymph and results in an increase in the 
to the back flow of lymph into the smaller lymphatics pro- | 
duced probably by the incompetency of the valves in the | 


pressure of the entire lymph system. That the rise in 
pressure was not due to the 1.0 gm. of sodium citrate in- 


distended lymph vessels. jected with the blood was shown in a control experiment. 


The Effect of Bleeding upon the Lymph Pressure | The Effect of Ligation of the Portal Vein upon 
TABLE I. the Lymph Pressure 
mre E . i ar TABLE II. 

















7 . Pressure Pressure Change in . > 
a | Amt. blood preceding after lymph Venous Weight a ee = 
1 removed pressure of dog 
tal bleeding bleeding pressure Pressure pre- Pressure fol- Chi 
oa - —— - —_—_—_—— Exp. ceding ligation | lowing ligation ly —— = | Weight of dog 
ha | of portal vein of portal vein ymph pressure 
porta i if a 
1 3800c.c.| 340 mm. | 260 mm.| Fall of 14.3 kgms., —— a ————— = 
80 mm. 14 290mm. | 284 mm. | Fall of 6 mm. 19.6 kgms. 
2 | 250 c.c.| 523 mm. | 468 mm.) Fall of 6.9 kgms. < dt tia SS en ne 
55 mm. 29 108 mm. 94 mm. Fall of 14 mm. 12.0 kgms. 
21 600 c.c 58 mm 44mm. Fall of Fall of | 17.8 kgms 7 i gre Ee si 
- C. oc . . a c -c ». ‘ 7, ~ ‘ . 
| 34 104 mm. 82 mm. Fall of 22 mm. 19.0 kgms. 


14 mm.!| 18 mm. 
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Pressure in cme. 





Time in Minutes 


-Experiment 14. The effect of ligation of the 
portal vein. Curves show lymph pressures. At 34 the portal 
yein was ligated. The pressure was released at 52 and the 
pressure level was re-established 70 mm. below the original 


level. 


Graph 4. 


The 
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According to Starling,’ ligation of the portal vein is 
followed by a four or five-fold increase in the flow of lymph 
from the thoracic duct, and he explains the increased pro- 
duction of lymph as being due to the increased filtration 
pressure in the blood capillaries of the intestines produced 
by the ligation of the vein. In view of this work ligation 
of the portal vein was expected to raise the pressure in the 
thoracic duct but in none of these experiments was an 


increased pressure obtained. 


The injection of dextrose into the blood stream is fol- 
lowed by an increased flow of lymph from the thoracic 


duct. The action of dextrose as a lymphagogue has been 


Effect of Dextrose Injected Intravenously 
TABLE III. 











Lymph pressure Amount of 





Lymph pressure 


Change in Venous Weight of dog 




















Exp. before dextrose dextrose given after dextrose lymph pressure 
~ e 5 : | f naa —_— rere ' ae 
4 152 mm. 200 c.c. 10% 199 mm. | Rise of 47 mm. | 21.6 kgms 
| 
oe . on . | ; . 
26 112 mm. 150 ec.c. 20% 138 mm. | Rise of 26 mm. Rise of 17 mm. 20.6 kgms 
| | 
aes 4 9 y 929 | : . : e » : 
28 214 mm. 150 ec.c. 20% 282 mm. Rise of 68 mm. Rise of 45 mm. 16.6 kgems 
| | ! 
= : } | : : 
29 70 mm. 200 c.c. 10% | 110 mm. | Rise of 40 mm. Rise of 12 mm. 12.0 kgms. 
} 
| | } 
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iraph 5.—Experiment 28. Curve 1 shows the lymph pres- 

sure; curve 2 shows the venous pressure. The heavy line 


indicates the administration of 150 c.c. of 20% dextrose. 


The Effect of Sodiwm Chloride 


explained by the physical forces of osmosis and _ filtra- 
tion. A concentrated solution of dextrose, when added to 
the blood stream, increases the osmotic pressure of the 
blood and thereby attracts fluids from the tissue spaces 
The condition 


into the vascular system. of hydraemic 


plethora thus produced is accompanied by a rise in the 
capillary pressure which, in turn, induces an increased 
transudation of fluid into the lymph vessels. In these 
experiments, the results of which are given in Table III 
and Graph 5, the administration of dextrose is followed 
by a rise in both the venous pressure and the lymph 


pressure. 


upon the Lymph Pressure 















































TABLE IV. 
Exp. Lymph —— Salt Solution Lymph pressure Change in lymph Venous pressure Weight of dog 
preceding saline following saline pressure 
a Seee 0.3% intra- ; ia | ae - : : 
} venously | | 
-2o » | 7 
4 276 mm. 150 c.c. 236 mm. Fall of 40 mm. 21.6 kgm. 
6 214 mm. 150 c.c. 211 mm. | Fall of 3 mm. 6.2 kgm. 
25 42 mm. 150 c.c. 48 mm. Rise of 6 mm. Rise of 15 mm. | 4.8 kgm. 
28 178 mm. 200 c.c. 216 mm. Rise of 38 mm. Rise of 24 mm. | 16.6 kgm. 
ice penile 0.3% intra- ai ihe _ = ae se rnin — 
abdominally } 
8 | 100 mm. 400 c.c. 86 mm. Fall of 14 mm 10.1 kgm. 
| 150 c.c. | | 
| 


absorbed 
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TABLE IV.—Continued 


Change in lymph Weight of dog 























Ex Lymph pressure Salt solution . Venous pressure 
preceding saline following saline pressure 
l ] 7 
0.3% intra- | 
muscularly | | 
4 200 mm. 250 c.e. 216 mm, | Rise of 16 mm. 21.6 kgm 
8 140 mm. 160 c.e. 155 mm. Rise of 15 mm. 12.8 kgm 
: 2 ; —_ siasicanania = 
0.9% intra- 
venously 
| 
4 176 mm. 100 ec.e. 228 mm. Rise of 52 mm. | 21.6 kgm 
26 110 mm. 150 c.c 140 mm. | Rise of 30 mm. Rise of 15 mm. | 20.0 kgm 
20% intra- 
venously | 
ss | 
1 169 mm. 75 c.c. 340 mm. Rise of 171 mm. | 14.3 kgm 
3 155 mm. 150 c.c 396 mm. Rise of 241 mm. | 7.2 kgm 
19 90 mm. 75 c.c. 115 mm, Rise of 25 mm. Rise of 55 mm. | 12.5 kgm 
23 234 mm. 150 c.e 398 mm. Rise of 164 mm. Rise of 151 mm. | 16.0 kgm 
x oeetE eareens ; : al —— head BER adsaiemecmeieeaton La a es 
10% intra- | 
j abdominally 
| 2 r 
10 | 359 mm. 150 c.e. 365 mm. Rise of 6 mm. | 11.5 kgm. 
20% intra- 
| muscularly 
| 
4 170 mm. 250 c.c. 166 mm. Fall of 4 mm. | 21.6 kgm. 
7 } 148 mm. 200 c.c 138 mm, Fall of 10 mm. | 12.8 kgm. 


Pressure in cms. 
pe 
wn 





Time in Minutes 


Graph 6.—Experiment 26. Chloralose anesthesia. Curve | 
shows the lymph pressure; curve 2 shows the venous pres- 


sure. The heavy line indicates the intravenous injection of 
150 c.c. of 0.9% salt solution. 


. 


Pressure in tms. 





Time in Minutes 


Graph 7.—-Experiment 238. Ether anesthesia. Curve 1 
shows the lymph pressure; curve 2 shows the venous pressure. 
The heavy line indicates the intravenous injection of 150 c.c. 


of 20% sodium chloride solution. 





The effects of hypotonic, isotonic and hypertonic so- 
dium chloride solutions administered in various ways are 
shown in Table IV. When injected intra-muscularly or 
intra-abdominally, salt solutions of various concentra- 
tions produce no definite changes in the lymph pressure. 
When injected intravenously, however, hypertonic salt 
solution is followed by a marked rise in lymph pressure, 
isotonic salt solution is followed by a very slight rise in 
pressure and hypotonic salt solution has no effect upon 
the pressure. Graph 6 shows the effect of isotonic salt 
solution injected intravenously under chloralose anes- 
thesia. This lymph pressure curve is seen to be more 
irregular than the curves obtained under ether anesthesia 
and these irregularities are due to forceful respirations 
and reflex movements of the animal, both of which exert 
changes in the external pressure and are reflected upon 
shows the 


the pressure in the thoracic duct. Graph 7 
effect of hypertonic salt solution injected intravenously. 
A rise in venous pressure occurs during the first minute 
of the injection, whereas the lymph pressure remains 
constant for two minutes after the injection of the salt 
solution has been started. The lymph pressure then rises 
abruptly so that in ten minutes it attains its highest level, 
and this level is maintained for a period of ten minutes 
after which the pressure gradually falls. 


The lymphagogue actions of isotonic and hypertonic 
salt solutions injected into the blood stream have been 
explained as due to the condition of hydraemic plethora 
produced by the direct addition of the salt solution to the 
blood, and, also, in the case of hypertonic salt solution, by 


the attraction of tissue fluids into the blood stream. This 
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increased volume of the circulating fluid is accompanied 
by only a slight rise in the arterial pressure because of the 
relaxation of the arterioles. The relaxation of the arte- 
rioles produces a rise in the capillary pressure and follow- 
ing the introduction of hypertonic salt solution into the 
blood stream the rise in capillary pressure is marked. 
This in turn causes an increased quantity of fluid to filter 
into the lymph system with the production of a marked 
increase in the pressure in the thoracic duct. 


The Effect of Peptone upon the Lymph Pressure 


Pressure 


Time in Minutes 


Graph 8.—Experiment 27. Curve 1 shows lymph pressure; 
curve 2 shows venous pressure. At 26, 51 and 62, 30 c.c. of 
%% peptone (Merck) were injected intravenously. 
Two experiments show the effects of peptone. In the 
first experiment the lymph pressure was established at 
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160 mm. and following the injection of 50 ¢.c. of a 10% 
solution the pressure in four minutes fell to 80 mm. The 
respiration then became more rapid and the lymph pres- 
sure rose to 230 mm. at which point the respiration ceased. 
Smaller amounts of peptone were used in experiment 27, 
the results of which are shown in Graph 8. It is noticed 
that for a minute or two following the injection at 26 and 
51 a slight synchronous fall occurs in both the venous 
and the lymph pressure, following which there is a rise in 
both pressures. At 62 this fall in pressure preceding the 
rise is noticed only in the lymph curve. Starling '° finds 
experimentally that following the injection of peptone 
the increased flow of lymph comes mainly from the liver. 
There is at the same time in the portal area an increased 
pressure that may account in part for the greater flow of 
lvmph, but since this effect upon the portal pressure lasts 
but a short time while the greater flow of lymph may 
continue for one or two hours, it is obvious that this 
factor alone does not suffice to explain the results of the 
injections. Starling suggests, therefore, that peptone acts 
pathologically upon the blood capillaries, particularly 
those of the liver and renders them more permeable so 
that a greater quantity of lvmph flows through them. 


The Effect of Adrenalin Injected Intravenously 
TABLE V. 


[SS 
Lymph pressure 


Lymph pressure Adrenalin 


Exp. preceding adrenalin following adrenalin 

16 125 mm. 2 c.c. 178 mm. 
105 mm. 2 C.C. 145 mm. 

108 mm. 2 C.c. 130 mm. 

18 205 mm. l c.c. 255 mm. 
55 mm. 1 ¢c.c. 118 mm. 

115 mm. 0.5 ©¢.e. 170 mm. 

19 62 mm. 0.5 c.e. 65 mm. 
82 mm. 1 c.c. 95 mm. 


Pressure in cms. 





Time in Minutes 


Graph 9.—Experiment 16. Curve 1 shows the lymph pres- 


sure; curve 2 shows the venous pressure. Twe-c.c. of adren- 


alin were injected intravenously at 62, 74 and‘79. 


The injection of adrenalin into the blood stream is 
followed by a rise in both the lymph pressure and the 
venous pressure. The rise in the lymph pressure occurs 
almost simultaneously with the introduction of the adren- 
alin. In Graph 9 the injection was begun at 62 and ex- 


Change in lymph Change in venous Weight of dog 
pressure pressure 

Rise of 53 mm. Rise of 15 mm. 11.0 kgm 
Rise of 40 mm. Rise of 6 mm. 
Rise of 22 mm. Rise of 13 mm. 

Rise of 50 mm. Rise of 15 mm. 16.2 kgm. 
Rise of 63 mm. Rise of 4 mm. 
Rise of 55 mm. Rise of 9 mm. 

Rise of 3 mm. Rise of 60 mm. 12.5 kem. 
> mm. Rise of 85 mm. 


Rise of 1: 


tended over a period of 30 seconds. At the end of the first 
minute after the injection was begun the lymph pressure 
had increased 50 mm. and the venous pressure had not 
changed. During the following minute the venous pressure 
decreased slightly and later increased. The fall in venous 
pressure preceding the rise was obtained in most of the ex- 
periments with adrenalin, whereas the column of lymph 
rises almost synchronously with the beginning of the in- 
jection. This immediate rise in the pressure may be due 
partly to changes in the respirations which become deeper 
with the injection of the adrenalin. The lymphagogue 
action of adrenalin is attributed mainly to the increased 
capillary pressure and partly, as Yanagawa * suggests, to 
osmotic pressure changes in the blood following the in 


jection. 
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The Effect of Histamine Injected Intravenously 


TABLE VI. 


Exp Lymph pressure Amount of Lymph pressure 
r preceding histamine histamine following histamine 
21 52 mm. 4 mgm. 112 mm. 
22 140 mm. 12 mgm. 355 mm. 
22 210 mm. 10 mgm. 339 mm. 


Pressure in cms. 





Time in Minutes 


Graph 10.—Experiment 22. Curve 1 shows the lymph 
pressure; curve 2 shows the venous pressure. Twelve milli- 
grams of histamine were injected into the blood stream at 32. 


The injection of histamine into the blood stream is fol- 
lowed by a marked rise in the lymph pressure. In Graph 
10 the rise in the lymph pressure is 215 mm. and it occurs 
almost simultaneously with the injection of the hista- 
As the 


quantity of lymph flowed from the venous cistern and as 


mine. pressure system was released a large 
deep pressure was applied to the abdomen the lymph 
escaped in a constant stream. Histamine, therefore, pos- 
sesses a marked lymphagogue action. Pressure was made 
upon the abdomen for a period of several minutes for the 
purpose of emptying the lymphatics of the liver and the 
intestines. Pressure readings were again taken and the 
column of lymph rapidly rose 125 mm. above the normal 
pressure. The venous pressure undergoes a slight rise 
and then a fall, the rise occurring immediately after the 
injection of the histamine and lasting only a few seconds. 
Histamine is generally considered a capillary poison that 
produces a dilatation of the capillaries, and it seems that 
the marked increase in the production of lymph takes 
place during a period in which the intra-capillary blood 
pressure is decreased. The physical process of filtration, 
therefore, cannot account for the increased production of 
lymph and some other factor, probably an increased per 





Change in lymph 


pressure 


Venous pressure Weight of dog 








17.8 kgm. 


Initial rise of 34 mm. 
Subsequent fall 68 mm. 


Rise of 60 mm. 


Rise of 215 mm. Initial rise of 27 mm. 12.4 kgm. 


Subsequent fall 51 mm. 





Rise of 129 mm. Initial rise of 13 mm. 





meability of the capillary walls, must be assumed to ae- 
count for the lymphagogue action of histamine. 


The Effect of a Metallic Capillary Poison upon the 
Lymph Pressure 


Pressure in cms. 





Time in Minutes 


Graph 11.—Experiment 30. Curve 1 shows the lymph pres- 
sure; curve 2 shows the venous pressure. At 26, 250 milli- 
grams of gold and sodium chloride were injected into the blood 
stream and this injection was repeated at 65. 


The action of another capillary poison, gold and sodium 
chloride, AuCl,Na+2H,O0, was described by Heubner™ 
as producing a marked dilatation of the capillaries of the 
abdominal vicera, lungs and muscles with frequent hemor- 
rhages from the minute vessels. In contrast to the 
marked rise following histamine, the injection of the gold 
salt into the blood stream in two experiments was not 
followed by any change in the lymph pressure. Graph 11 
shows a rise in venous pressure following the injection of 
the salt, but this rise was not obtained in the other ex- 


periment. 


The Effect of Thoracotomy upon the Lymph Pressure 
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Graph 12.—Experiment 33. Dog, 7 kilograms. Ether aDt- 


mechanical respiration by the Erlanger apparatus. 
The curves show the lymph 
pressure. At 37 the pressure was released. At 42 the chest 


and abdomen were opened widely and the diaphragm sectioned. 


esthesia, 
The dog had been curarized. 
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in cms. 


Pressure 


4 


Time in Minutes 
Graph 13.—Experiment 34. Dog, 6.6 kilograms. Ether an- 
esthesia, mechanical respiration by the Erlanger apparatus. 
The dog had been curarized. The chest had been opened 
widely. The curve shows the lymph pressure. Respirations 
were stopped for one minute at 4, 18 and 25. Hypertonic 
salt solution injected intravenously at 45, 54 and 63. 


The variations in the intrathoracic pressure accom- 
panying respiration are not a necessary factor in the 
production of the lymph pressures obtained in this study. 
Graph 12 shows lymph pressure curves obtained under 
mechanical respiration by means of the Erlanger appa- 
ratus with the chest closed and with the chest opened. 
Curare had been given as a special precaution against any 
movement of the animal arising from possible changes in 
the depth of the ether anesthesia. The curves obtained 
with the chest closed and with the chest opened are almost 
identical. That the remarkably high lymph pressures ob- 
tained after the intravenous injection of hypertonic salt 
solutions are not dependent upon variations in the intra- 
thoracic pressure is shown in Graph 13. The dog was 
etherized, curarized and the chest was opened widely. 
Following the intravenous injection of hypertonic salt 
solution the lymph pressure rose abruptly 440 mm. 
Asphyxiation possesses a lymphagogue action and the 
rise in the lymph pressure following asphyxiation also is 
shown in Graph 13. 


The Effect of the Pulsation of Contiguous Blood Vessels 
upon the Lymph Pressure 


It is probable that the pulsation of the blood vessels 
ay be transmitted to the adjacent lymph vessels and on 
account ‘of the numerous valves present in the lymph 
Vessels force the lymph forward and become a factor in 
the production of the pressures obtained in this study. 
To determine the effect of the pulsating aorta which lies 
immediately above the thoracic duct, the venous cistern 
with the thoracic duct emptying into it was dissected 








free and removed from its bed in the neck and in the chest 
down to a point about one inch above the diaphragm 
where the duct divides into three tributaries. The duct 
was led out of the chest and the pressure in the cistern 
rapidly rose to 278 mm. Repeated compression of the 
thoracic duct between the ends of a forceps, by forcing 
the lymph forward from the compressed intervalvular 
segment, caused the column of lymph to rise with every 
compression and a pressure of 760 mm. was thus ob- 
tained. The experiment suggests that the pulsations of 
the aorta are not necessarily a factor in the production of 
lymph pressure, but it is possible that the arteries lying 
close to the lymph vessels can, by their transmitted pulsa- 
tion, become a factor in the production of these pressures. 


DISCUSSION 


The forces responsible for the production of pressure 
in the lymph system are: (1) the pressure in the lymph 
capillaries as determined by the physical processes of 
osmosis, filtration and diffusion and as modified by 
changes in the permeability of the capillary wall; (2) 
changes in the external pressure upon the lymph system ; 
(3) the contractility of the lymph capillaries and the 
lymph vessels. 

According to Starling, the formation of the lymph can 
be explained by the combined action of the physical pro- 
cesses of filtration, diffusion and osmosis together with 
alterations in the permeability of the capillary walls. 
Lymphagogues of the first class, such as peptone, hista- 
mine and metallic poisons are supposed to act patholog- 
ically upon the endothelial cells of the capillaries render- 
ing their walls more permeable to the passage of fluid and 
making the transfer of pressure, therefore, from the blood 
capillaries to the lymph capillaries more facile. Accord- 
ing to the theory of Heidenhain, to explain the formation 
of lymph under all circumstances it is necessary in addi- 
tion to the physical processes of filtration, diffusion and 
osmosis to assume an active secretory process on the part 
of the endothelial cells of the capillary walls. If this 
theory be accepted, one of the factors in the production 
of pressure in the lymph capillaries is the secretion pres- 
sure under which the lymph is produced. Direct determi- 
nation of the initial pressure in the lymph capillaries of 
the liver and of the intestines, structures from which most 
of the lymph is produced, have not been recorded and it 
is impossible to say what part the various factors that 
enter into the formation of the lymph play in the produe- 
tion of the pressures obtained in this study. 

Pressure applied from without the lymphatic system 
are reflected accurately upon the height of the column of 
lymph as is shown by pressure upon the abdomen and by 
forceful respirations as the anesthesia becomes light. The 
pressures obtained under well regulated anesthesia, how- 
ever, are not dependent upon changes in the external 
pressure except probably the pulsation of the adjacent 











blood vessels transmitted to the lymph channels. In view 
of the many valves present in the lymph vessels the 
pulsation of adjacent arteries transmitted to the inter- 































valvular segments of the lymph channels may be an im- 
portant factor in forcing the lymph forward and in the 
production of lymph pressure. 

The frog possesses definite muscular sacs which under- 
go rhythmic contraction, and the lymph capillaries of the 
amphibian larva, as observed by Clark,’* are sometimes 
found in a state of perpetual activity. Rouget '* in 1875 
and Tarchanoff '* in 1874 described contractile elements 
present in both the blood and the lymph capillaries of 
amphibians and mammals. Blood capillaries possess in 
their walls richly ramified muscle cells which are capable 
of undergoing active contraction. These cells have been 
called Rouget cells by Vimtrup '® who rediscovered them. 
In the recent work on the capillaries of the blood np ref- 
erence has been found concerning the presence of Rouget 
cells in the lymph capillaries. A personal communica- 
tion from Dr. Eliot R. Clark of the University of Georgia, 
states that in his work on the growing lymph capillaries 
of the amphibian larva these contractile elements have 
never been observed and he attributes the changes in the 
caliber of the lymph capillary to the contraction of the 
endothelium. The large lymph vessels contain circular 
and longitudinal muscles fibers but a statement as to the 
importance of the property of the contractility of both 
the lymph radicles and the lymph capillaries in the pro- 
duction of pressure cannot be made. 


SUMMARY AND CONCLUSION 


1. The average pressure in dogs produced by the flow 
of lymph from the thoracic duct into the isolated venous 
cistern, during ether anesthesia, is 190 mm. expressed in 
terms of lymph, the highest pressure being 420 mm. and 
the lowest pressure being 42 mm. 

2. The lymph pressure is influenced readily by pressures 
applied from without the lymphatic system, such as pres- 
sure upon the abdomen or marked changes in the intra- 
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3. Lymphagogues, when injected into the blood stream, 
are followed by a rise in the lymph pressure. Such sub. 
stances are sodium chloride, dextrose, histamine, adrep-. 
alin and peptone. Hypertonic, hypotonic and _ isotonic 
salt solutions administered intramuscularly or _ intra. 
abdominally have no effect upon the lymph pressure, and 
when injected into the blood stream, hypertonic salt solu. 
tion is followed by a marked rise in the lymph pressure, 
isotonic salt solution is followed by a slight rise, and 
hypotonic salt solution has no effect upon the lymph pres. 
sure. The metallic salt, gold and sodium chloride, does 
not affect the lymph pressure, nor does ligation of the 
portal vein. Bleeding is followed by a slight fall in the 
lymph pressure. 

4. A discussion of the factors concerning the produe- 
tion of lymph pressure is given. 
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thoracic pressure. 












On reviewing the literature of hypernephroma one is 
struck by the scarcity of clinical data recorded relative to 
these tumors. The pathology of these neoplasms has been 
carefully studied, and much has been written on the 
various theories concerning their origin. 

In 1883, Grawitz! first called attention to the similar- 
ity between the yellowish kidney tumors, then known as 
lipomata, and certain tumors of the adrenal gland. For 
this type of tumor he proposed the name of “Struma 
suprarenalis aberrata.” He furthermore established the 
occurrence of adrenal rests in the cortex of the kidney 
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and correlated the origin of this group of renal tumors 
with these rests. 

The term hypernephroma, first introduced by Birch- 
Hirschfeld.? is now generally restricted to a relatively 
small group of tumors in which the structure is exactly 
duplicated by tumors of the adrenal gland itself. 

The occurrence of hypernephroma is comparatively 
rare. Hyman* reports twenty-eight cases of hyperne- 
phroma which came to operation at the Mount Sinai Hos- 
pital of New York during a period of seven years. At the 
Johns Hopkins Hospital, thirty-two cases of hyperne- 
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phroma came to operation during a period of sixteen 
years. In 1910, Wilson * reported a series of 32 cases from 
the Mayo Clinie, and in 1921 Wright ° reported 14 cases 
from the Cancer Hospital of London. Statistics by nu 
merous authors show that hypernephroma is the pre- 
dominating type of kidney tumor. Various reports in the 
literature state that they constitute approximately sixty 
per cent of all kidney tumors. 

[ have taken for analysis cases of hypernephroma of 
the kidney, from the general surgical, the gynecological, 
and the Brady urological services of the Johns Hopkins 
Hospital, having selected only those cases in which the 
diagnosis was established either by examination of tissue 
removed at operation or by autopsy. During the past six- 
teen years thirty-two cases of hypernephroma came to 
operation. Nephrectomy was performed in all of these 
eases. Recent pathological studies have demonstrated 
that a large proportion of the reported hypernephromas 
are in reality renal adenocarcinomas. In the present se- 
ries the diagnosis of hypernephroma has been restricted to 
those tumors, the structure of which is duplicated by 
tumors of the adrenal gland itself. 

Age.—The age is recorded in all the thirty-two cases. 
The average age at which a diagnosis of hypernephroma 
was made was fifty-one years. The youngest patient was 
$7 years old and the oldest 67 years. Sixty-six per cent of 
the cases occurred between the ages of forty and sixty. 
The age incidence is shown in the following table. 

TABLE I. 
Showing age incidence in 32 cases at the J. H. H. 


Age No. of cases Per cent 
} 

20-30 0 0 
30 — 40 4 12.5 
40 50 mee 8 — 25.0 
50 — 60 a ‘y_ 40.6 
60 —70 ; = 21.9 
Total a 


Combining these cases with those of the Mayo Clinic, 
The Cancer Hospital of London and the Mount Sinai Hos- 
pital of New York, a total of 106 cases is obtained, which 


shows the following age incidence. 
TABLE II. 
Showing age incidence in combined series of 106 cases. 


Age No. of cases Per cent 
| | 

1-10 ] 0.9 
10 — 20 0 0 
»0 — 30 2 1.8 
30 — 40 14 13.2 
40-50 ~ 29 27.0 
10 — 60 43 40.5 
60 70 16 15.5 
70-80 1 0.9 


Total 106 
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It may be seen from these tables that hypernephroma 
occurs most commonly during the fourth and fifth de- 
cades, 67 per cent of the total occurring between the ages 
of forty and sixty. This is in agreement with the reports 
of most authors. In the combined series of 106 cases, only 
three occurred in patients below thirty years of age. 

Ser.—lt is generally agreed by most authors that there 
is a slight preponderance in favor of males. Among Hy- 
man’s cases there were eight females and twenty males. 
In Wright’s cases the proportion was two to one in favor 


of males. Our series, too, shows twenty-three males to 


nine females. The combined series of 107* cases shows 
638% males and 37% females. From this it seems that the 
condition is practically twice as common in the male as 
in the female. 

Kidney involved.—The combined series of 107 cases 
shows that both kidneys are involved with equal fre- 
quency. Thus, in 57 cases the lesion occurred on the 
right and in 50 cases on the left side. 

Predisposing factors.—As in all neoplastic conditions, 
the relation of injury to the growth is an interesting 
question. Injury is mentioned as an inciting factor in 
3 of the 32 cases of our series. Wright reports one injury 


*de 


in his 14 cases, and Wilson records 4 of his 32 cases in 
which injury appeared to be an inciting factor. Further 
more, overexertion frequently preceded the initial hema- 
turia so common in this condition. 

Duration of symptoms.—The duration of symptoms, 
from the time of appearance of the initial symptom to the 
time of operation was very variable. This variability is 
due to a number of factors. The rapidity of growth 
determines to a large extent the time at which symptoms 
first appear. The location of the tumor also influences 
the onset of symptoms. Tumors which arise from the 
renal pelvis give rise to symptoms earlier than those 
which originate in the cortex of the kidney. Wilson con- 
cluded from his observations that “small solid tumors well 
away from the renal pelvis are likely to cause no hema- 
turia and no pain. They are apt to be symptomless and 
their surgical discovery is an accident.” The time at 
which the patient consults his physician after the first 
appearance of symptoms is variable. The initial hema- 
turia, which is so common, is sufficient warning to many 
to seek medical advice, especially when the hemorrhage 
is profuse. Unfortunately, the initial hematuria fre- 
quently subsides, leaving the patient free from symptoms, 
which reappear month or years later associated with 
pain or even metastatic phenomena, the condition mean- 
while having advanced to a stage at which a surgical cure 
is impossible. 

The average duration of symptoms from the time of 
appearance of the first symptom to the time of operation 
in this series is three and one-half vears. The longest 

*In one of the reported cases, no age was given; this ac- 
counts for the discrepancy of one case in the tables. 
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duration is nine years and the shortest three weeks. The 
average duration of symptoms in the combined series of 
107 cases is approximately one year. 
SYMPTOMS 
Hematuria is by far the commonest symptom of the 
In 2 of the 32 cases no men- 


disease. It is rarely absent. 


tion of hematuria was recorded. In the thirty cases in 
which a definite statement regarding blood in the urine 
was made, gross hematuria was present in twenty-five 
and absent in five cases. In the five cases in which no 
gross hematuria occurred, three showed blood in the 
urine by microscopic or chemical examination. In 17 of 
the 25 cases hematuria was the initial symptom. 

The severity and duration of the initial hemorrhage 
In the majority of cases, however, the bleeding is 
irregular and profuse. Eisendrath® states that, except 
in papilloma of the bladder, hematuria is most profuse in 
renal neoplasms. According to Danadara, the hematuria 
associated with hypernephroma is not so prolonged as in 
Frequently the in- 


vary. 


bladder tumors or other conditions. 
itial hematuria followed directly some form of overexer- 
tion. Owing to the great frequency with which hematuria 
occurs in these kidney tumors, the presence or absence of 
blood in the urine becomes an important factor in the 
diagnosis. The cases in which a smali slowly growing 
tumor occupies the cortex of the kidney are the only 
ones that do not show hematuria. 

On reviewing the histories of these cases one is im- 
pressed by the marked similarity in the onset, sympto- 
matology, and course which the patients describe. A typ- 
ical case is that of a patient past middle age, who having 
been well previously, following some form of overexertion, 
passes blood in the urine. The hemorrhage is usually 
profuse, at first mixed with urine, but later pure blood is 
passed. The hematuria is usually associated with sharp, 
colicky pain in one kidney region or the other, and sharp 
pains in the bladder region. There may be passage of 
blood clots, after which there is relief from pain, or there 
may be complete urinary retention due to obstruction to 
the urinary passages by blood clots, making catheteriza- 
tion necessary. The bleeding from the kidney either 
ceases completely or the hematuria may recur within a 
few days and the patient may bleed at intervals for several 
weeks. The hematuria is nearly always intermittent. 

It is for the initial hematuria that the patient most 
frequently consults his physician. In the small number 
of cases in Which hematuria was not the initial symptom 
the patients sought medical advice for pain in the kidney 

All of these 
In one case in 


region or the presence of a tumor mass. 
cases were soon followed by hematuria. 

which there was no hematuria, the chief complaint was of 
repeated attacks of typical renal colic, and a diagnosis of 
floating kidney was made, but operation later revealed a 
small hypernephroma situated well away from the renal 


pelvis. 
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. — 
Wright states that hematuria is of two kinds. It may 
be due to a chronic interstitial nephritis, produced le 
This form of 
hematuria is probably due to congestion; the blood is not 
profuse in amount, and is intimately mixed with the 
urine. In the second type the hematuria is much mor 
profuse, and is associated with renal colic and the pas. 
sage of clots. This type is due to direct involvement of the 
kidney pelvis by the growth, or to invasion of one of the 


pressure of the slowly advancing growth. 


larger veins in the renal cortex. It occurs at a later stage 
than the first type. 

Pain was the second commonest symptom. It was pres. 
ent in 29 of our 32 cases. The pain is usually described 
as a localized soreness or discomfort in the kidney region, 
and is quite distinct from the pain associated with renal 
colic. In two cases in which the pain was acute and un. 
usually severe, recent hemorrhage into the growth was 
found, and the pain in these cases was probably caused by 
the distention of the mass following the hemorrhage. 

Renal colic occurred in 20 of the 30 cases in which its 
presence or absence was mentioned, that is, in 66% of 
the cases. In the majority of instances the pain was asso- 
ciated with the passage of long, wormlike, blood clots, 
and the renal colic was undoubtedly due to blocking of 
the urinary passages by these clots. The pain was re. 
lieved immediately after the blood clots were passed. 
These attacks of renal colic are, however, neither as se- 
vere nor as frequent as those due to renal lithiasis. The 
presence or absence of renal colic associated with the 
passage of wormlike clots should raise the suspicion of 
renal tumor. 

Dysuria and retention were present in 7 of the 32 cases. 
When hemorrhage from the tumor was sufficiently exten- 
sive, blood clots formed, which by filling the bladder pro- 
duced a marked dysuria and retention. Occasionally, pas- 
sage of the blood clots relieved this condition. In those 
cases in which relief was not obtained in this manner 
catherization became necessary. In five of the seven 
cases in which this condition occurred the patients had 
to be catheterized. 

Frequency of urination was present in 4 of the 32 cases. 
In two of these cases the frequency may be explained on 
the basis of the presence of a cystitis, as revealed by cysto- 
scopic examination. In the other two cases no explan- 
ation could be determined. Frequency of urination, a 
very common symptom in tumors of the bladder, is com- 
paratively rare in hypernephroma. Hematuria, on the 
other hand, is a common initial manifestation in both con- 
ditions. The presence or absence of frequency of urina- 
tion in a patient complaining of hematuria may serve as a 
useful differential point in the history between the two 
conditions. 

Tumor mass.—In 28 of the 32 cases a tumor mass was 
palpated on physical examination. The character and 
exact location of the mass depended upon whether the up- 
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per or lower pole of the kidney was implicated. The mass 
ysually resembled a large irregular kidney. In_ those 
4 in which the upper pole of the kidney was involved 
the mass palpated was frequently the lower two-thirds of 
the kidney displaced downward by the mass involving the 


case 


upper pole. The tumor mass itself was not felt. 

Constitutional Symptoms.—Mention of the presence or 
absence of constitutional symptoms was made in twenty 
cases. Of this number, twelve patients showed marked 
constitutional symptoms, consisting of weakness, unusual 
fatigue, dyspnoea on exertion, and loss of weight. The 
loss of weight varied directly with the duration of symp- 
toms, and in many cases was quite marked. 

Renal calculi.—The association of renal lithiasis with 
hypernephroma was interesting because of the similarity 
in symptoms and consequent errors in diagnosis. In 5 of 
the 32 cases, renal stones were found associated with the 
kidney tumor. Three of these patients had been treated 
for renal stone. These patients gave a history of hema- 
turia and renal colic, and x-ray examination revealed the 
stones. Pyelography later showed a typical distortion 
of the kidney pelvis, and operation revealed both hyper- 
nephroma and renal stone. 

The association of renal calculi with hypernephroma is 
not uncommon. Albarran and Imbert’ report twenty-six 
cases of renal tumor in which stones were present. Cory- 
ell found this condition present nine times in 146 renal 
tumors. 

Israel ® reported the presence of fever in 57% 
of his cases. He stated that fever occurred in all malig- 
nant tumors of the kidney without relation to histological 
structure, size, or rapidity of growth. Regarding all tem- 
peratures of 99° F. or above as febrile, our series shows 
that 75% of the cases were febrile. These rises in temper- 


Fever. 


ature were present before cystoscopic examination was 
made. The elevation of temperature was rarely higher 
than 100° F. 

Blood.—The blood picture was uniformly that of a 
secondary anaemia, with a corresponding reduction of 
the red blood cells and hemoglobin. White blood counts, 
which were recorded in twenty cases, were all practically 


normal. The lowest count was 5,520, the highest was 
10,400. Cabot,’® however, has recorded a high leucocy- 


tosis in several cases of hypernephroma. 

Phthalein test—There was a slight impairment of the 
total phthalein excretion in most of the cases in which 
the test was made. The phthalein test was used in fifteen 
instances. The highest phthalein excretion was sixty 
per cent in two hours, the lowest was thirty-five per cent. 
The apparently slight reduction in phthalein excretion 
may be explained on the assumption that in most uni- 
lateral lesions of the kidney there is a compensatory reac- 
tion in the opposite kidney tending to restore the total 
kidney function to its normal level. 
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Differential phthalein tests were performed in four 
cases with the following results: 





Case 1 Case 2 Case 3 Case 4 
L. L. 37% L. 15% ~ L. 12% 
R. “RR. 16% _~ R. 35% | R. 42% 


The left kidney was involved in Cases 1, 3, and 4, the 
right kidney in Case 2. It may be seen from the figures 
of the above cases that there is a marked decrease in the 
phthalein excretion by the diseased kidney. 

Pyelography has been of very great help in the diag 
nosis of kidney tumors. Although there were a few cases 
in which the pyelogram appeared to be normal, by far 
the majority of these tumors produced a markedly notice- 
able distortion of the kidney pelvis. In addition to the 
deformity of the kidney pelvis there was also frequently 
a lengthening of the calices. In 1921, Colston" pub- 
lished a series of interesting pyelograms calling attention 
to definite changes in the kidney pelvis and calices caused 
by tumors of the kidney. 

RESULTS OF TREATMENT 

Nephrectomy was performed in every one of the thirty- 
two cases described in this series. Two patients died on 
the operating table, and four more died in the Hospital. 
Letters were sent to the remaining twenty-six patients 
with the following results: 

Dead 7 months after operation—1 
Four known to have died | Dead 15 months after operation—1 
| Dead 3 years after operation—2 





Total—4 

Living 8 months after operation—1 

Living 2 years after operation—2 

Living 3% years after operation—2 

Eight known to be living / Living 5 years after operation—1 
Living 6 years after operation—1 

Living 9 years after operation—1 

Total—8 


Of the thirty-two patients, ten are known to be dead. 
Kight are known to be living, and fourteen could not be 
traced. 

CONCLUSIONS 

1. A clinical study was made of thirty-two cases of 
hypernephroma of the kidney. In all the cases the diag- 
nosis was confirmed by microscopic examination of tissue 
removed at operation. 

2. Hypernephroma occurred most commonly between 
the ages of fifty and sixty. The youngest patient was 
thirty-seven, and the oldest sixty-seven years old. 

3. Hypernephroma occurred twice as often in the male 
as in the female. 

4. Hypernephroma involved both kidneys with equal 
frequency. 

5. Injury was mentioned as a possible inciting factor 
in ten per cent of the cases. 
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6. The average duration of symptoms from the time of 
appearance of the initial symptom to the time of opera- 
tion was three and one-half vears. 

7. Hematuria was by far the commonest symptom. 
Gross hematuria occurred in 81 per cent of the cases; 
microscopic hematuria in 94 per cent. 

8. Hematuria was the initial symptom in 68 per cent 
of the cases. 

9. The initial hematuria commonly followed some 
form of overexertion; it was usually profuse, intermit- 
tent, and irregular. 

10. The presence of either gross, microscopic, or chem- 
ical hematuria is practically essential for the diagnosis 
of hypernephroma. Only those rare cases in which the 
renal tumor occupied the cortex of the kidney and was 
well away from the renal pelvis produced no hematuria. 

11. Pain, which was the second commonest symptom 
was present in 91 per cent of the cases. 

12. Renal colic was present in two-thirds of the cases. 
The colic was less severe than that due to renal stone and 
was usually associated with the passage of wormlike clots. 
The passage of wormlike clots associated with renal colic 
should, therefore, arouse the suspicion of kidney tumor. 

13. Dysuria and urinary retention occurred in 25 per 
cent of the cases. 

14. Frequency of urination is rare. It occurred in only 
12 per cent of the cases. 

15. A tumor mass was palpated on physical examina- 
tion in 80 per cent of the cases. 

16. Constitutional symptoms, consisting of weakness, 
general malaise, dyspnoea, and loss of weight, were pres- 
ent in 60 per cent of the cases, 

17. The blood findings are those of a secondary anaemia 
of varying degree. The white blood counts were practi 
cally normal throughout the series. 
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18. The total phthalein excretion was but slightly im. 
paired. 

19. There is a definite impairment of kidney function 
in the diseased kidney, as indicated by the diminisheg 
phthalein excretion on the affected side. 

20. In 75 per cent of the cases there was an elevation 


, 


of temperature of 99° F. or above. 

21. The diagnosis of hypernephroma is based chiefly on 
the history of hematuria and pain, palpation of a mass in 
the kidney region, unilateral hematuria as indicated by 
cystoscopic examination, diminished kidney function on 
the affected side, and the presence of a distorted kidney 
pelvis, as revealed by pyelography. 

22. Of all the patients operated on, two failed to sur. 
vive the operation, And four more died in the hospital, 
Four are known to have died since leaving the hospital 
at intervals varying between one and three years. Eight 
are known to be living at intervals of eight months to nine 
years, and fourteen could not be traced. 
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NOTES ON AN OPAQUE X-RAY MASS 


By Exsen C. HIty 


(From the Department of Anatomy of The Johns Hopkins 
University) 


This preliminary report is confined to an opaque x-ray 
injection mass which is readily prepared, gives clear, 
sharp outlines of the arteries and arterioles, and yet can- 
not pass into the capillaries. Stereoscopic plates of 
babies and animals injected by this method were demon- 
strated at the annual meeting of the American Associa- 
tion of Anatomists in Philadelphia in 1921. At that time 
I stated the formula, but had no opportunity to go into 
details as to the technique of mixing the bismuth, acacia 
and water. 

In 1906, | had the privilege of aiding Professor E. E. 
Goldmann of the Frauen-Klinik in Freiburg, Germany. 
Roentgen in 1897 had insisted that the best injection 
masses would be those in which the atomic weight of the 





mineral or metal used was highest, for the higher atomic 
weight the greater the opacity to penetration by x-rays. 
Dr. Goldmann was not in any way limited in obtaining 
anatomical material and made many injections with me 
tallic mercury because of its high atomic weight. Some 
of these injections were excellent; some were not. I be 
lieve the success or failure depended entirely upon the 
condition of the body before injection. The greatest dif- 
ficulty with mercury, however, was its constant movement 
in the vessels even when used with oil, wax or vaseline, 
and the fact that, if the body were raised from the x-ray 
table, the mercury descended too rapidly to the lowest 
point and ruptured the blood vessels. 
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For several years after these initial experiments with 
professor Goldmann, I made use of opaque masses for the 
rentgenological study of the gastro-intestinal canal, 
fistulae, Sinus tracts, and so forth. At this time bismuth 
subnitrate was generally used for such gastro-intestinal 
examinations. At first many physicians were aghast at 
the use of six ounces when formerly it was prescribed in 
fifteen-grain doses. Predictions of disaster unfortunately 
came true in time and several grave poisonings occurred, 
although the quantity had already been reduced to a 
maximum of four ounces. Later these poisonings were 
proved to be due to the presence of arsenic in the com- 
mercial bismuth salts. At this time when the use of bis- 
muth was considered by many workers to be hazardous, 
the World War occurred and chemically pure bismuth, 
manufactured in Germany, jumped to a prohibitive price 
and practically disappeared from the market. Barium 
sulphate was then used successfully as a substitute in 
gastro-intestinal examinations. Consequently barium 
sulphate has come to be the usual opaque substance in 
clinical work and in injection masses. But one of the’ 
most important factors was forgotten,—the relatively low 
atomie weight of barium which was the cause of its dis- 


use in the beginning of roentgenological clinical work. 


Bismuth has the quality of even higher atomic weight 
—208—and the process of rendering its salts into an 


Barium has an atomic 





emulsion or suspension is simple. 
weight of 137; hence it requires considerably more barium 
sulphate to make an emulsion of opacity equal to that of 
bismuth. Thus an artery of a certain calibre must con- 
tain about one-third more barium to equal the opacity of 


bismuth of the same percentage. 


In 1920 I began to investigate various metals to deter- 
mine their availability for general x-ray injections in 
cadavers and dead animals. It was decided that no 
metallic or mineral salts soluble in water could be used 
without oceasioning diffusion through the blood vessels 
into the dead tissues, with resultant blurring of the 
shadows in the x-ray plate. This assumption having been 
amply borne out by numerous experiments, a search had 
to be made for an insoluble salt of high atomic weight 
which could be easily suspended in some aqueous medium. 
All the readily obtainable metals or their salts, lead, sil- 
ver, thorium, tin, mercury, copper, barium and bismuth 
were tested. All but barium and bismuth were discarded 
Take, for example, mercuric sulphide 

The mercuric¢ sulphide settled out of 


as unsatisfactory. 

and lead chromate. 
the suspension too rapidly after making up the mass, 
while lead chromate, supposedly insoluble, so blurred the 
tissues of the kidney by passing through the vessel walls 
into the surrounding tissues that it could not be consid- 
ered of service. A search for some vehicle to keep insol- 
uble salts from too rapid a settling out of suspensions 
ranged from 1 to 30 per cent solutions of gelatine, glycer- 


ine and acacia. Acacia proved to be the best and most 
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easily prepared solution. All tests of the various vehicles 
and opaque substances were checked by subsequent x-ray 


plates. 
BIBLIOGRAPHY 

There is little to add to the very complete digest of the 
literature on injection masses and technique by Gough.’ 
He has abstracted twenty-eight articles of importance be- 
ginning with the first arterial injections for x-ray pur- 
poses in 1896 by Hildebrand, who gave credit to Dutto, an 
Italian, for the use of calcium as an opaque medium. 
Later Rowland, of England, demonstrated the arterial 
supply of various parts recently amputated and injected, 
but there is no mention as to the method used. Glew used 
metallic mercury mixed with oil, wax, vaseline and other 
substances, and this metal remained in general use for 
a number of years. These admixtures were made in at 
tempts to prevent movement of the metal from one vessel 
to another. Wax was added to blue ointment in studying 
the coronary arteries of the heart. In the past nearly 
every mineral or metal has been tried. Forty per cent 
sodium iodide in aqueous solution or sodium iodide com- 
bined with bromides is often used at present by intravas- 
cular injection for studying certain definite vascular parts 
in living subjects. This method is excellent for tempo- 
‘arily studying blood vessels, but diffusion into the tis- 
sues occurs too quickly and, even when a tourniquet is 
used, the injection fluid disappears rapidly into the cir 
culation, giving only a fleeting opportunity to study the 
local blood supply of arm or leg. Gough himself summar- 
izes his article with the statement that there are no de- 
pendable methods, though some are good. An experi- 
menter occasionally obtains, after many attempts, an ex 
cellent injection of certain parts and immediately many 
plates and illustrations are made of such parts and a new 
process is reported. 

Reports since Gough’s article have been confined to var- 
iations of the older methods and consideration of iodide 
and bromide solutions or pastes.* * 

In 1921 an article of particular value appeared by 
Lynah and Stewart,’ who reported cases in which they 
insufflated the lungs with bismuth through a_ broncho- 
This was done to determine the presence of any 
With this 
as a starting point studies should be begun as to the 


scope. 
foreign body. There was no poisonous effect. 
lethal dose of bismuth oxychloride with a view to its use 
as an opaque mass in the tissues of living animals. 


PREPARATION OF OPAQUE INJECTION Mass 

It is not purposed to present here all of the experiments 
which led up to the use of a suspension of bismuth oxy 
chloride as the most satisfactory opaque mass for roent 
genological outlining of the arteries, veins, lymphatic ves- 
sels, etc., in dead animals and in human cadavers. Many 
of the obvious disadvantages of other masses have already 
been briefly though adequately commented upon in an 
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earlier paragraph; it is sufficient to state that salts of 
bismuth, particularly the oxychloride, have been found to 
be, for the particular purpose of vascular delineation, su- 
perior to all of the other preparations used. 

This particular suspension, which in my experience has 
proven its superior qualities, is an easily prepared, depend- 
able mass, containing bismuth oxychloride as the inert 
opaque substance, acacia being used as a means of main- 
taining the suspension and giving bulk in the final filling 
of the artery or vein. Since the amount used in injecting 
large animals is usually 500 ¢.c., it is best to prepare the 
solution in this quantity. Should any be left over, it may 
be sterilized by heating, as this in no way injures it; or 
the growth of mould may be prevented by the addition of 
a few grams of thymol. Such a suspension of bismuth 
oxychloride settles slowly, but if left for a day or two, it 
should be stirred and reftiltered before using. 

The exact amounts of the various ingredients have been 
found to require some alteration depending upon the 
exact use to which the mass is to be put; the following 
are the limits of variation in quantities found effective: 

15-20 grams bismuth oxychloride. C. P. (especially pre- 

pared for x-ray work) 
5-10 grams acacia. 
100 ¢c.c. water q. s. 
The quantities usually used for arterial injection are: 
17 grams bismuth oxychloride. C.P. (especially pre- 
pared for x-ray work) 

10 grams acacia. 

100 ¢.c. water q. 8. 

To make up the suspension in an amount of 500 ¢.c. pro- 
ceed as follows: A mass of 50 grams of acacia is well pul- 
verized in a mortar and slowly added to 250 c.c. of boiling 
water. The water must be distilled if any of the chlorine 
group is used in the city supply. Stir this solution care- 
fully until it becomes clear. If the acacia is simply drop- 
ped into the boiling water, or if it is placed in a beaker 
with water and then boiled, some of the acacia sticks to 
the vessel and can be removed only with great difficulty. 
From this heated solution of acacia, about 100 ¢.c. are 
placed in a second beaker and 85 grams of chemically pure 
bismuth oxychloride are slowly added and rubbed to a 
thin paste. This paste is then slowly returned to the 
first beaker and must be stirred continually until the en- 
tire mass isin a state of suspension. If the boiling has de- 
creased the original amount of the solution of acacia and 
water, wash out the small quantity of paste adhering to 
the second beaker with boiling water, using not over 250 
c.c., and add this to that in the original beaker. There 
should be at the end a 500 ¢.c. suspension of acacia and 
bismuth. Some of the bismuth particles with this prepa- 
ration may be as large as 60-100 microns. 

Pour the mass so assembled through two layers of 


closely woven linen towelling, which is allowed to drop 
nearly to the bottom of a 2% inch funnel. 


Continual 
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rubbing and stirring with a pestle or a spoon aid this 
process. Test this semi-filtered injection mass either by 
hypodermic needle or with a drop of blood to determine 
its approximate size as compared to the red blood cells, 
Usually one filtering is all that is needed, but a more 
homogeneous mass containing much smaller particles may 
be obtained by a second filtering through the same cloth, 
After each filtering a collection of bismuth will be shown 
This should be further rubbed through 
with a pestle. The mass, after careful filtration, contains 


on the towel. 


particles of bismuth from 10 to 35 microns. The mixture 
in this state is suitable for injection and has invariably 
filled the arterioles but has never passed into the capil- 
It should in this form pass through a No. 22 G. 
For the injection of still finer strue. 


laries. 
No. 25 G. needle. 
tures (lymphatics) repeated filtration will vield a mass 
in which the individual particles are from 4 to 7 microns 
in diameter; such a mass will easily spread into capil- 
lary structures and may be injected through a No. 27 G. 
needle. 


‘ 


It is advisable to make any injection of tissues, ani- 
mals, or embryos before rigor mortis or blood clotting has 
begun. It must be noted that the solution in this concen- 
tration is for post-mortem injections and cannot be used 
on living animals without dilution. Many embryos and 
fetuses have been injected and in every instance, when the 
embryo was in good condition, the injection has been 
complete. 


In the injection of fetal or adult animals a cannula is 
usually pushed through the left ventricle into the aorta 
and tied at the base of the heart. A hypodermic needle 
may be used in very small animals. After starting the 
injection fluid the right auricle is cut to allow the escape 
of as much blood as possible. The injection forces the 
blood from the arteries and arterioles into the venous 
system. Washing the vessels with saline solution before 
injecting the mass has never seemed to better the results. 
Many experiments were made to determine whether the 
pressure should be controlled and at what point injection 
should cease. The use of the manometer was quickly 
discarded, as its use did not materially improve the re- 
sult. This had been previously observed in attempts to 
inject human cadavers. The most useful sign of a com- 
plete injection of the vessels of the head, for instance, is 
to observe whether or not the mass has penetrated the 
anterior ciliary arteries with their radiating branches to 
the iris. A slow steady injection gives clear white lines 
leading up to the pupil. 
Over-injection gives extravasations and 


An injection not showing these 
is incomplete. 
white spots in these vessels readily apparent in the eye. 
In the former case the arteries of the head will be incom- 
pletely filled; in the latter, large areas of extravasation 
from ruptured blood vessels of the brain will appear. In- 
spection of the tongue proved to be valueless. Inspection 
of the extremities by making an incision through the epi- 
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dermis indicated by the appearance of the white bismuth 
that the mass had penetrated properly. Clearing of the 
tissues injected with this mass is easily accomplished by 
either the Schultz or the Spalteholz method. The white 
lines of the injected vessels show as clearly as if injected 
with India ink. In making x-ray plates medium soft rays 
from a fine point focus and increased time are necessary 
to outline clearly the smallest vessels. The accompany- 
ing reproduction (Fig. 1) gives a conception of the pos- 
sibilities of the method. 

To Mr. Brédel I wish to express my appreciation for 
his kindness in retouching the shadows of the vessels in 
the illustration of a fetal arm. The entire fetus was 
similarly injected, but to illustrate soft tissues and the 
minute vessels is impossible even in the clearest print. 
| wish also to thank Dr. F. L. Reichert for his assistance 
in verifying on animals the various preparations submit- 
ted to him. 

SUMMARY 

1. An injection mass made up of 15-18 grams of bis- 
muth oxyehloride (prepared for x-ray work) ; 5-10 grams 
of acacia and water sufficient to bring the quantity up to 
100 c.c. has proved of value in studying the circulation. 

’. By repeated semi-filterings the mass may be reduced 
toa suspension of bismuth containing particles of from 4 
to S microns and thus pass through capillaries. 

3. The high atomic weight of bismuth requires small 
quantities of this metal to produce definite shadow effects. 
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t. To determine whether the injections are complete, the 
anterior ciliary vessels of the eye and a sub-dermal cut in 
the toe or finger are the most valuable criteria. 

>. As in attempts at injections of the human body, it is 
impossible to obtain perfect results if rigor mortis has 
begun or blood clots are present in the vessels. 

6. Injections with this bismuth mass may be cleared by 
the usual Schultz or Spalteholz method. 

7. The use of semi-filtration in reducing the particulate 


matter in suspension is of especial importance. 
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LEGEND FOR PHOTOGRAPH 


—Arterial injection of an eight months’ fetus ~vith the 
Injec- 


Fig. 1. 
suspension of bismuth oxychloride, acacia and water. 
tion was made through a No. 22 G. hypodermic needle passing 
through the left ventricle into the aorta. The entire body 
showed a similarly clear definition of all arterial vessels. 


FURTHER STUDIES ON BLOOD GROUPING 


VY. THE RECOGNITION 


By C. G. Guturikg, J. 


OF THREE TYPES 


F. Presser and J. G. Huck 


OF “GROUP IT” BLOOD 


(From the Medical Laboratory of the Lawrencevi le School) 


In an earlier publication ' attention was called to the 
existence of more than four isoagglutinin groups in hu- 
man blood as determined on the basis of their agglu- 
shown that 
there are more than two isoagglutinins and two isoag- 


tinin-agglutinogen content. It was also 
glutinogens concerned in the reactions which occur be- 
tween the bloods of the various groups. Bloods of divers 
sorts were found within some of the accepted groups as, 
for instance, in “Group II.” In this group two quite 
(listinet types of blood were found ; the serum of each type 
the cells of one type—‘Group 





contained agglutinin A; 
11” (H.)—contained agglutinogen b; the cells of the 
other type—"Group II” (D. J.)—contained agglutinogen 
b, but also contained another agglutinogen, c. These dif- 
ferences were first detected by the reactions with the 
serum of an unusual blood which was able to agglutinate 
the cells of the type containing the extra agglutinogen 
lut not those of the other type. These observations were 
confirmed by the results of absorption tests with the sera 
of certain members of “Group III” and “Group IV.” 


After absorption with the cells of “Group TI” (H.), these 
sera were no longer able to cause clumping of the ceils of 
“Group II” (H.), but caused complete agglutination of 
the type containing the extra agglutinogen—“Group II” 
(D. J.). After absorption with the cells of “Group II” 
(D. J.), however, these sera were devoid of agglutinative 
power for either type of cells. 

The antigenic properties of these two types of “Group 
11” cells were shown to be quite different.2. The sera of 
rabbits injected with either type of “Group II” cells con- 
tained fairly powerful agglutinins for each type of cells 
(from 1:400 to 1:3000) ; this was considerably higher than 
the titre of the normal heteroagglutinin for either type 
of cells, present before the animals were injected (from 
1:64 to 1:256). 
moved all the agglutinin for both types of cells from the 
sera of rabbits immunized to the cells of “Group II” 
(H.). The sera of animals injected with the cells of 
“Group II” (D. J.), however, behaved in an entirely dif- 


Absorption with either type of cells re- 


ferent way; absorption with the cells of “Group IL” (D. 
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J.) removed all of the agglutinin for both types of cells; 
absorption with the cells of “Group II” (H.) removed all 
of the agglutinin for these cells, but left plenty of agglu- 
tinin (from 1:304 to 1:480) for the cells of “Group IT” 
(D. J.). 

Two types of “Group IL” blood were used in a later 
investigation concerning the agglutinin-agglutinogen con- 
tent of some unusual representatives of “Group IV.” * 
Iixtensive absorption experiments were made with the 
the 
“Group II,” two; 


sera and cells of seven bloods, classified by usual 


methods, as follows: “Group I,” one; 


“(rroup ILI,” one; “Group IV,” three. The results of such 
portions of the absorption experiments as are germane 


to the present subject are shown in Table T. 
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present in the serum of each (Experiments 1 and 3; pre 
liminary cross-agglutinations). The agglutinogen (4) 
corresponding to this extra agglutinin was present in the 
cells of the one representative of “Group III” and absent 
from those of the one member of “Group L” in the series: 
agglutinogen (@) was present in the cells of the “Group 
I” blood and the “Group III” blood. 

It had been planned to include the bloods of “Croup 
II” (H.) and “Group II” (D. J.) in the study mentioned 
When they 
arrived, the two most important members of our series 
(M. P. and H. A.) were no longer accessible and the cells 
originally obtained from them had become unfit for use, 


above, but they were not received in time. 


All of the absorbed sera, however, were still available and 


TABLE I. 
Results of absorption experiments. 





Subsequent agglutination of R. B. C. 




















Exper. No. Serum Absorbed with R. B. C. - ™ = a 
ons ts = =-2 S< 
— ss — = _ — Se 
1 | Group II (c. Ged Group I (M. P.) | @ 0 0 0 
Group II (J. PP.) Group I (M. P.) 0 0 0 ale 
5 | Group Il (BH. A.) Group I (M. P.) 0 0 0 0 
= , (Pr. © Cc.) eee eee ~ | 7 ial ei oem 
8: 12: 16 Group IV (P. _J.) Group I (M. P.) 0 ( ) 0 
(C, BE, W.) — emis » Pe an oe _ 
6 Group IIl (H. A.) Group II (C. G.) 0 0 0 0 
(P., O. o. . | Hii Gais Nas aa i) nen _— 
os 22: 33 Group IV (P. _J.) Group II (Cc. G@.) af. 0 0 ob. 
—< __(C, BE. W.) as See a __ o Sao Es 
7 | Group Ill (H. A.) Group II (J. P.) 4. i. 0 0 
7 (PrP. ©. C.) moe : : a, 7 Z - 
10; 14: 18 | Group IV (P. _J.) Group II (J. P.) + 1. 0 ra 
(Cc. Bw.) | = 
2 | Group II ec. @.) Group III (H. A.) | Oo 0 ) Oo 0 
4 Group II 3. PB.) Group III (H. A.) | Oo 0 0 0 
: l (P. O. CG.) pis as 
11 15; 19 | Group IV. (P. J.) | Group III (H. A.) \| 4 ‘ be 0 
> _{(c. BW.) 


The results of these absorption tests showed, among 
other things, that the erythrocytes of the two represen- 
P.) differed from 


each other much as the red cells of “Group II” (H.) dif 


tatives of “Group IL” (C. G. and J. 


fered from those of “Group. IL” (D. J.). There was evi- 
dently one agglutinogen (c) present in the cells of “Group 
Il” (C. G.) which was not present in those of “Group IL” 
(J. P.) and a second agglutinogen (b) possessed by the 
cells of each (Experiments 6 and 9; 7 and 10; preliminary 
It was also clear that the agglu- 
tinin content of the serum of “Group LL” (C. G.) differed 
from that of “Group IL” (.J. P.); the serum of the latter 


cross-agglutinations }). 


manifestly possessed an agglutinin (D) not possessed by 
that of the former, but there was another agglutinin (A) 


these were used to test the reactions of the cells of “Group 
Il” (H.) and “Group II” (D. J.). At that time, there- 
fore, we obtained no additional information concerning 
the agglutinin content of the serum of these two bloods, 
but the red cells of “Group Il” (H.) behaved as did those 
of “Group II” (J. P.) and the red cells of “Group IL” (D. 
J.) like those of “Group II” (C. G.). 

To these observations may be added the results of another 
series of absorption experiments with the sera of six bloods 
not previously used in our tests—one member of ‘‘Group III” 
and five members of ‘“‘“Group IV.”’ Absorption of any of these 
sera with the cells of either “Group II’’ (C. G.) or ‘‘Group II” 
(D. J.) removed all of the agglutinin for these two bloods and 
Absorption with the cells of either 
CHE.) 


for the other pair, as well. 


“Group II” (J. P.) or “Group II” however, completely 
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removed the agglutinin for both of these bloods but left power- 
ful agglutinin for the cells of the first pair. Such results 
ed to confirm our previous impression that these 


bloods were of two distinct the 


merely sé! 


four “Group IT” types, red 


cells of one type (C. G. and D. J.) containing two aggluti- 
nogens (1 the red cells of the other type (H. and J. P.}, 
only one (? 


It has been noted that the bloods of ‘“‘Group II’’ (C. G.) and 
P.) differed not only in their agglutinogen, but 
Whether the presence of the 


Group II’” (J. 
also in their agglutinin content. 


extra agglutinin is a distinguishing characteristic of all 
Group II"’ bloods which lack the extra agglutinogen, and 
whether the extra agglutinogen always occurs in the mem- 


pers of this group which lack the extra agglutinin, we are 
unable to say at present; we plan to investigate these points 
in the near future. 

The object of the present study is to solve the problem 
outlined in the preceding paragraph. 

As a part of an investigation of certain “Group IIT” 
bloods to be reported at another time, absorption tests 
were made with a series of twelve bloods, including repre- 
sentatives of the four accepted groups as follows: “Group 
1,” one; “Group II,” four; “Group ITI,” six; “Group IV,” 
These bloods reacted in a characteristic manner 
The 


results of cross-agglutination tests are shown in Table IT. 


one. 


when tested with “Group II” and “Group III” sera. 
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ice-box at 15° C. Readings were made at the end of one 
and two hours and after standing overnight at this tem- 
perature. Sixty-nine absorption experiments were per- 
formed at this time with the twelve bloods in the series, 
but only a portion are of immediate importance in con- 
nection with the present subject; the results of twenty- 
one of these experiments are shown in Table III; the 
others may be referred to at another time. 

Analysis of the results summarized in Table III reveals 
a number of interesting facts. 

(a). No suggestion of autoagglutination occurred in 
any of the experiments. 

(b). The absorption was complete in each instance, as 
is indicated by the fact that red cells of the type used for 
the preliminary absorption were not agglutinated in the 
subsequent tests. 

(c). In no instance was a serum, after absorption, cap 
able of agglutinating cells which it was unable to agglu- 
tinate before. 

(d). “Group II” (C. G.) serum, 
the cells of “Group I” (H. 8.), 
tinate any cells in the series (Experiment 5). 


when absorbed with 


lost all power to agglu- 


(e). (H. 
S.), the sera of “Group II” (H.), “Group Il” (D. J.) and 


After absorption with the cells of “Group I” 


TABLE II. 
Results of cross-agglutination tests. 


— = vi =_ so =c 

é s= | 5 s@ | 6s 
1) Group I (H. S. ) “TO 0 Ky 0 
z ~ Group ‘Tl —s)06UC<CiK CO UlCU “3 0 
3 | Group Il (D.J.) _ a 0 0 | Oo 
4 | Group Il (C.G.) || + | 0 0 0 

“6 | Group 11 (J.P.) | + | 0 “0 i 
-6 | Group Ill (B.M.) || + | + + | + 
~% | Group III (L.0.) _ -+ | + + + 
“8 | Group Ill (£.S.) ~ ' n 4. “+ 
9 | Group III ( (G.H.) Jj + ~ + + 
“0 | Group Tl (ZW. | 4 + |+ti{et 
11 | Group III (L.K.) | + + + | + 
12 | Group IV (P.J.) || + + + we 


Each of the sera which, in the cross-agglutination tests, 
had shown the ability to agglutinate any of the red cells 
in the series, was absorbed with those cells and the ab- 
sorbed serum then tested against each set of red cells in 
the series. The details of the absorption were as follows: 
to 20 volumes of serum were added 9 volumes of packed, 
thrice-washed erythrocytes; the mixture was agitated and 
allowed to stand in the ice-box at 15° C. for at least two 
hours; the tube was then centrifugated rapidly and the 
supernatant serum removed with a pipette. The tests for 
agglutination were made in duplicate in hanging-drop 
preparations on hollow-ground slides. The preparations 
were examined immediately and were then placed in the 





RED BLOOD CELLS 
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“Group Il” (J. P.), were still able to cause marked ag- 
glutination of the cells from the six representatives of 
“Group III” (Experiments 1, 2 and 4). 

(f). After absorption with the cells of “Group I” (H. 
S.), the sera of the six members of “Group I11” were no 
longer able to agglutinate any cells in the series (Experi- 
ments 5, 6, 7,8, 9 and 10). 

(H. 
S.), the serum of “Group IV” (P. J.), behaved just as did 


(g). After absorption with the cells of “Group I” 


the six “Group III” sera (Experiment 11). 

(h). “Group IV” (P. J.) serum, when absorbed with 
the cells of either “Group Il” (H.) or “Group Il” (J. P.), 
lost the power to agglutinate the cells of both these bloods, 








i 
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TABLE III. 
Results of absorption experiments. 
SUBSEQUENT AGGLUTINATION OF R. B. C. : 7 
: eon Absorbed with a 2 c A 
Z — R. B.C. = = =o = = Se = = i >< 
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Gr. 


{ 
{ 
Gr. 














l Group Il (H.) Group I (H. S.) 0 0 0 0 0 | 4. 4 - % | 0 
2 Group II (D. J.) Group I (H. S.) 0 0 0 0 0 | ™ me ra - | a | i 0 
3 Group II (C. G.) Group I (H.S.) 0 0 0. 0 0 | 0 0 0 0 0 = I 0 
i | Group Il (J. P.) Group |. (H.S.) 0 0 0 0 0 | + + + + + + } 0 
5 Group III (B. M.) Group I (H.S.) 0 0 0 0 0 | 0 0 0 0 0 0 0 
6 Group III (L. 0.) Group | (H.S.) 0 0 0 0 0 0 0 . 0 a} 0 "a 
7 Group III (E. 8S.) Group | (H.S.) 0 0 0 0 0 0 0 0 aT) 0 iT) 0 
S Group III (G. H.) Group I (H. 8S.) 0 0 0 0 0 0 0 0 0 0 0 0 
9 | Group III (Z. W.) Group | (H. S.) 0 0 0 0 0 0 0 0 eo i 0 O 
10 | Group III (L. K.) Group | (H.S.) 0 0 0 0 0 0 0 0 “eo et 0 
11 | Group IV (P.J.) Group | (H.S.) 0 0 0 07 0 0 0 0 0 0 0 0 
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but was still able to agglutinate the cells of “Group I” 
(H. 8.), “Group IL” (D. J.), “Group IL” (C. G.) 
the six “Group ILL” bloods (Experiments 48 and 69). 


and of 


(i). “Group IV” (P. J.) serum, when absorbed with 
the cells of either “Group IL” (D. J.) or “Group LL” (C. 
G.), lost the power to agglutinate the cells of any of the 
four representatives of “Group IL” but was still able to 
agglutinate the cells of “Group I” (H. 8S.) and of the six 
members of “Group IIL” (Experiments 55 and 62). 

(j). “Group LV” (P. J.) serum, when absorbed with 
the cells of any one of the six “Group IIL” bloods, lost the 
power to agglutinate the cells of any of these, but was 
still able to agglutinate the cells of “Group I” (H. 8S.) 
and of the four representatives of “Group II” (Experi- 
ments 16, 21, 26, 31, 36 and 41). 

It is thus seen that the four “Group IL” sera did not 
behave alike. There was evidently an agglutinin (D) 
present in the serum of “Group IL” (H.), “Group IL” 
(D. J.) and “Group IL” (J. P.) which was not present 
in the serum of “Group IL” (C. G.). It is also plain that 
the corresponding agglutinogen (d) was present in the 
cells of the six members of “Group ILI,” but absent from 
those of “Group I” (H. 8S.). From the cross-agglutina- 
tion tests shown in Table II, it is seen that each member 
of “Group IL” agglutinated the cells of all six “Group 
[I1” bloods. 
this behavior: (1) that there were two agglutinogens (ad) 


Two theories might be advanced to explain 


in the cells of each of the six “Group LIL” bloods, one of 
which reacted with a single agglutinin (A) in one of the 
“Group IL” sera and the other with a single agglutinin 
(D) in the three other “Group II” sera; or (2) that there 
was a single agglutinin (A) in one of the “Group II” sera 
and two agglutinins (AD) in the other three “Group II” 
sera, reacting with the corresponding agglutinogens (ad) 
in all of the “Group IIL” bloods. These theories are out- 
lined in Table LV. 


TABLE IV. 


Agglutinin content of 


‘Group Il” serum Agglutinogen 
P bil - - content of 
Sey “Group III" 
e. & B.s B.3.2 3. P. cells 
First A D ad 
Second A AD ad 


There are other facts which shed additional light on 
this question. (1) The cross-agglutination tests shown in 
Table Il show that each of the four “Group II sera ag: 
glutinated the cells of “Group I” (H. 8.) which have 
been shown to be devoid of agglutinogen d; there must, 
therefore, be some agglutinin other than D in all four of 
the “Group II” sera. (2) Although the experiments are 
not shown in Table III, it may be stated that absorption 
of all four “Group II” sera with the cells of any one of 
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the “Group III” bloods resulted in the removal of all 
agglutinin for the cells of “Group I” (H. 8.) ; the agglu- 
tinogen in the cells of “Group I” (H. 8.), which united 
with the agglutinin in the serum of each member of 
“Group II,” was, therefore, also present in the cells of 
each of the members of “Group III.” From these facts it 
gems evident that the second explanation is the correct 
one and that the serum of three members of “Group IT” 
contained two agglutinins (AD), whereas the other 
“Group LL” serum contained but one (A) ; the correspond- 
ing agglutinogens (ad) were present in the cells of each 
of the six “Group IIT” bloods. 


When the reactions of the “Group II” erythrocytes are 
considered, it is seen that those of H. and J. P. behaved 
alike but quite differently from those of D. J. and C. G. 
(Experiments 48, 55, 62 and 69). Evidently there was an 
agglutinogen (c) present in the cells of the second pair 
but absent from those of the first pair, and another ag- 
Both of 
these agglutinogens were present in the cells of “Group 
1” (H. S.) (Experiment 11), and so neither could have 
been agglutinogen d. As agglutinin A was present in the 
sera of each of these four “Group II” bloods and agglu- 
tinin D in three of them, and as there was no cross-agglu- 
tination, we are justified in concluding that the aggluti- 


glutinogen (6b) which was common to all four. 


nogens in question were neither a nor d. In previous stud- 
ies we have shown that the formula of “Group IV” (P. 
J.) was ABC—o; we may, therefore, conclude that the two 
agglutinogens appearing in the cells of “Group II” are b 
and ¢. This conclusion is confirmed by the results of ex- 
periments, not shown in Table III, in which each of the 
six “Group III” sera was absorbed with cells from each 
of the four “Group II” bloods; the results were identical 
with those obtained when “Group IV” (P. J.) serum was 
absorbed in the same way (Experiments 48, 55, 62 and 69). 
This was taken to indicate the presence of agglutinogen b 
in the cells of “Group II” (H.) and “Group II” (J. P.); 
the presence of agglutinogens b and ec in the cells of 
“Group II” (D. J.) and “Group II” (C. G.); and the 
presence of both of the corresponding agglutinins (BC) in 
the serum of each of the six “Group III” sera. 

Experiments 5 to 10 show that the “Group III” sera 
contained no agglutinin for the cells of any of the four 
“Group II” bloods which was not represented by the 
corresponding agglutinogen in the cells of “Group I” 
(H.8.). These “Group I” cells may, therefore, be credited 
with agglutinogens b and ¢ and the “Group III” sera with 
agglutinins B and C. , 

When we compare experiments 16, 21, 26, 31, 36 and 41 
with the cross-agglutination tests, it is seen that the serum 
of “Group IV” (P. J.) contained an agglutinin for the six 
sets of “Group III” cells, but after this agglutinin was 
removed there remained strong agglutinin for the cells 

(H. S.) and the four representatives of 
Removal of the agglutinin for any or all of 


, 


of “Group I” 
“Group IT.” 
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the “Group II” bloods left good agglutinative power for 
the cells of “Group I” (H. 8.) and those of all six “Group 
111” bloods (Experiments 48, 55, 62 and 69). Absorption 
with the cells of “Group I” (H.8.), however, also removed 
the agglutinin for the cells of the four “Group II” bloods 
and for those of the six representatives of “Group IIT.” 


These observations may be explained by the presence (1) 
of agglutinins A, B and C in the serum of “Group IV” 
(P. J.); (2) of the corresponding agglutinogens (abe) in 
the cells of “Group I” (H.8.); (8) of agglutinogens b and 
e in the cells of “Group II” (D. J.), and “Group IT” (C. 
G.); (4) of agglutinogen b in the cells of “Group Il” (H.) 
and “Group II” (J. P.); and (5) of agglutinogen a in the 
cells of the six representatives of “Group III.” 

The formulae which may reasonably be suggested for 
these various bloods, therefore, are as follows: 


“Group I” (H. 8.) none—abe 
“Group II” (C. G.) A—be 
“Group II” (H. and J. P.) AD—b 
“Group Il” (D. J.) AD—be 
“Group III” (all six) BC—ad 
“Group IV” (P. J.) 1 BC—none 


COMMENT 


The result of our previous studies concerning the varied 
types of blood included in “Group II” have been con- 
firmed and extended. IJt can be stated that an additional 
agglutinin (D).or an additional agglutinogen (c), or 
both of these, may be present in bloods assigned to this 
group by the usual methods of classification. Three dis- 
tinct types of “Group II” blood have been demonstrated, 
each with a different agglutinin-agglutinogen content; 
concerning the relative frequency of these types we have 
at present no information. It is interesting that none of 
the three types demonstrated by this study has had the 
traditional formula (A—b) but the search has not been 
extensive and we surmise that this, a fourth type, also 
exists. 

The object of this investigation was to determine two 
points; (1) whether the extra agglutinin (D) is a distin- 
guishing characteristic of all “Group II” bloods which 
lack the extra agglutinogen (c) and (2) whether the extra 
agglutinogen always occurs in the members of this group 
which lack the extra agglutinin; to these questions our 
results have supplied only partial answers. The extra 
agglutinin (D) may be present either with or without 
the extra agglutinogen (c). The extra agglutinogen (c) 
may be present either with or without the extra agglu- 
tinin (D). We cannot say, as yet, whether a type exists, 
(A—b) which possesses neither the extra agglutinin (D) 
nor the extra agglutinogen (c); we suspect that it does, 


CONCLUSIONS 
1. There are at least three distinct types of blood in- 
cluded in.“Group IT.” 
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2. From the results of cross-agglutination and absorp- 
tion tests, we are warranted in assigning to these three 


types the following formulae: 
A —be 
AD—be 
AD—b 
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NOTES ON NEW BOOKS 


On Modern Methods of Treating Fractures. Including the Jack- 
sonian Essay on Bone Grafting. By Ernest W. Hey GRoves. 
Second edition. $8.00. (New York: William Wood and Com- 
pany, 1922.) 

This book stands out for the chapters on experimental work 
along operative lines, with numerous excellent illustrations 
of the results of various methods of internal splinting and bone 
grafting, and the manner of bone healing. The author has 
many experiments showing the inadequacy of certain forms of 
internal splints to withstand the tension to which they are 
put in the unrestrained animal, and urges, in any operative 
procedure, efficient mechanical fixation, after obtaining the 
best possible position. There is nothing to show what results 
could be obtained by less extensive internal devices used in 
conjunction with some form of external splint, as is the uni- 
versal practice in human fractures. This phase is apparently 
omitted intentionally, since it is stated on page 70 that “if the 
application of splints is necessary after the plating of a frac- 
ture, the method will be liable to some of those very evils of 
the splint treatment which the operation is intended to avoid.’ 
This statement is in marked contrast to the commonly accepted 
principle of operating as an admission of defeat in the closed 
reduction method. 

In the chapter on bone grafting there is a summary and cor- 
relation of the observations of the leading workers, to which 
the author adds numerous experiments of hisown. Each of the 
chapters on experimental work is followed by a short chapter 
on human fractures, giving the operative technique, the cita- 
tion of cases of failure, the explanation of these on the basis of 
experimental findings, with suggestions and cases to illustrate 
how the results may be improved. 

Were it not for the statement in the preface that the author 
has endeavored to examine critically all the methods of frac- 
ture treatment of use to the modern surgeon, one might judge 
from the title that he intended to consider only the ‘‘new 
methods” of Massage, Mobilization, Extension and Operation, 
while treating very briefly the commonly used closed reduction, 
since this can be obtained from any standard book on frac- 
tures. As it is, this method is seriously neglected. The ar- 
rangement of opening the book with chapters on massage, ex- 
tension, and operative treatment, is, to say the least, an un- 
usual way of attacking the problem. The consideration of 
massage should impress everyone with the importance of this 
procedure in fracture treatment, but for us only as an adjunct 
of the first importance, after the best possible anatomical 
position has been obtained and sufficient time has elapsed to 
enable one to feel reasonably sure that there will be no dis- 
Extension is treated very concisely, but with no 
consideration of the types of cases in which this method is 
indicated as contrasted with manipulative reduction and fixa- 
tion, or operation. 


placement. 


Toward the end of the book fractures of the upper and lower 
extremities are taken up in a systematic manner, and with a 
chapter each, on mal-united, open or compound, and ununited 
fractures. There is an inadequate space given to the use of 
plaster of Paris in fixation, and a rather extensive use of stand- 
ard types of splints. 

In this book many statements are made with which we 
might reasonably disagree. As examples: that “the ‘setting’ of 
the bone is in most cases a myth;”’ that “impaction of a frac- 
ture without marked alteration in the axis of the limb is to be 
regarded as a good thing, and on no account to be broken 
down for the sake of obtaining a more correct anatomical posi- 
tion,’’ (a Colles’ fracture with slight abduction of the hand 
being cited as an example); and that, in fractures of the 
femur “it (plaster) does not allow of examination by the 
x-rays.”’ 

In conclusion, from the fact that over 75 per cent of the 
space is devoted to a consideration of massage, extension, oper- 
ations, and experimental work on operative lines, this book 
is not adapted to general use, and might, in the hands of the 
beginner, create a dangerous attitude toward the treatment of 
fractures. For one who has made a study of standard treat- 
ises on fractures, along with a wide experience in the manage- 
ment of these cases, it offers valuable suggestions from 
the experimental and operative side, with good chapters on 
massage and extension, provided these are used in such man- 
ner as the individual surgeon finds most applicable to his 
special cases. J. D. H. 


Non-Surgical Drainage of the Gall Tract. By B. B. Vincent Lyon. 
$10.00. (Lea & Febiger, Philadelphia and New York, 1923.) 


Because of the widespread interest manifested in the non- 
surgical drainage of the gall tract, the appearance of Lyon's 
book on the subject is most opportune. In the opening chap- 
ter a comprehensive review on the embryology, histology and 
anatomy of the duodeno-pancreatic zone is given. Then fol- 
lows a short but satisfactory presentation of the normal and 
pathological physiology of the liver and biliary system, t0o- 
gether with the physiological chemistry of the bile. After this 
several pages are devoted to a brief sketch of the history of 
gall tract disease and its management. 

Whether or not the law of contrary innervation has beet 
unquestionably established is still a moot question; be that as 
it may, Lyon accepts the theory as an established fact, and 
bases his work on this assumption. 

From the very first, Lyon’s claim regarding his ability to seg- 
regate bile from the duodenum bile ducts, gall-bladder and 
liver has been vigorously assailed by many reputable inves- 
tigators. A close study, however, of the method and his 
reports of cases, a careful perusal of the contentions of a 
number of his opponents, and finally, personal investigations 
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support the opinion that Lyon has decidedly the better of the 
argument and has proved his assertion that bile can be segre- 
gated, grossly, from the duodenum, bile ducts, gall-bladder 
ad liver. The method is, occasionally, of decided assistance 
in making a pre-operative diagnosis, especially in cases in 
which all objective investigations are barren of results. How- 
ever, when Lyon speaks of diagnosing and treating empyema 
of the gall-bladder in this way, we confess to a decided skep- 
ticism, and must deprecate a method so fraught with danger 
and so lacking in all accepted principles of scientific pro- 
cedure. 

Several chapters are devoted to the many factors to be con- 
sidered in a diagnostic study of the gastro-intestinal tract. 
Lyon’s description of the technique for non-surgical drainage 
of the biliary apparatus is very interesting, but not wholly 
convincing. One is willing to concede that frequent, thorough 
washing with various solutions will unquestionably facilitate 
the removal of surface debris, but the claim that by the appli- 
cation of astringents he can shrink the tubules, and foree out 
focculent material by the examination of which he can detér- 
mine the absence or presence of pathologic conditions, must be 
regarded as almost chimerical. To say that the washing, 
astringing and disinfection of the nasal passages, oesophagus, 
stomach and duodenum, posterior nares—a region continu- 
ously exposed to contamination—produces a condition closely 
approximating bacteriologic sterility, is much more than one is 
willing to admit. 

Lyon believes that magnesium sulphate, olive oil and solu- 
tions of peptone (10%), in the order named, are the most 
effective in inaugurating and continuing the flow of bile; also, 
that at times olive oil will be successful where magnesium 
sulphate fails. 

Not a few readers will refuse assent to Lyon’s views regard- 
ing the great diagnostic value of cytological investigations and 
will doubt his ability to diagnose pathologic conditions in 
specific portions of the biliary tract from certain types of 
stained and unstained cells of varied anatomic structure. 

However much one may agree or disagree with the author 
on other points, one must decidedly take issue with him on his 
views regarding treatment, for here lies the great danger of 
Lyon’s method. Every experienced clinician must admit that 
in the great majority of infected biliary tracts, the focus of 
infection will be found in the tissues themselves. How, then, 
can a cure be effected by simply draining a tract which harbors 
within its sealed walls the fundamental elements of a disease? 
Such method of treatment will not only not effect a cure, but 
only too frequently, by creating a false sense of security, may 
be productive of great harm. 

Like so many other earnest investigators Lyon, in his 
consuming enthusiasm, apparently loses sight of the great 
value of associated measures of treatment. Many of the good 
results attributed to drainage are undoubtedly in large measure 
due to the institution of proper hygiene, diet and medication. 
In fine, Lyon’s method represents an honest effort by a reli- 
able investigator and constitutes a distinct advance along these 
lines. It certainly merits a thorough trial. E. H. G. 


Industrial Health. By Grorce M. Koper, M. D., and Emery R. 
Haynurst, M. D. (Philadelphia, P. Blakiston’s Son & Com- 
pany, 1924.) 


This volume is an extensive revision and amplification of 
Kober and Hanson’s ‘“‘Diseases of Occupation and Vocational 
Hygiene.” The method of presenting the vast accumulation of 
material is a distinct advance over the older volume. 

In a prefatory chapter there is an excellent chronologically 
arranged historical review of industrial hygiene which includes 


the most recent organized activities of government depart- 
ments, educational institutions and private individuals, espe- 
cially in the United States. 

The body of the book is divided into five parts. Two divis- 
ions on “Vocational Hygiene of Certain Industries and Call- 
ings’’ (Part II) and “Specific Occupational Diseases with Hy- 
gienic Description of the Industries in Which They Chiefly 
Occur” (Part III) cover nearly seven hundred pages of the 
text. These two sections prepared by a group of industrial 
experts are a mine of practical information on metallic pois- 
oning and other types of industrial hazards. Parts IV and V 
deal with ‘“‘Systemic Occupational Diseases’’ and ‘The Prin- 
ciples of Industrial Health Administration,’’ respectively. 

One weakness of this most useful and timely compilation 
appears in the method of presentation of general and abstract 
propositions in Part I and in the ‘Foreword.’ For example, in 
the latter we read (p. lix): “‘Most industrial applications of 
today, whether mental or manual, result in various kinds of 
health complaints; much, in fact, in the promotion of definite 
ill-health and some in the establishment of true occupational 
diseases. To the informed person, wasteful methods are ap- 
parent on all sides. Even a high degree of human efficiency, or 
high percentage of output may be bettered. Such is a funda- 
mental biologic law.” 

The nature of this ‘fundamental biologic law” is evidently 
the author’s secret, though “To make the biologic law more 
operative in industry is the chief aim of this work.”’ 

On page 65 we are told that: ‘“‘Every physician knows that 
the alcohol habit..... predisposes to tuberculosis, pneumonia, 
typhoid fever and other infectic s diseases;’’ that: ‘‘Alcohol 
also increases the susceptibility to industrial poisons;’’ and 
finally that: ‘“‘The immoderate use of alcohol leads to mental 
and moral deterioration characterized by the loss of will power, 
blunted moral sensibilities and the ruin of character, and sad- 
dest of all, these effects are often transmitted to the offspring.” 

These obviously partisan and statistically undemonstrable 
generalizations scarcely require comment. Inheritance of ac- 
quired characters is a live problem but not one to be settled 
by sentimental observations on the pathos of inebriety. 

Hygiene is unquestionably one neglected phase of industrial 
personnel problems. Industrial physicians as well as man- 
agers will find ‘Industrial Health’’ invaluably helpful in their 
clinical and administrative difficulties. BR. A. @. 


Local Anaesthesia Methods and Results in Abdominal Surgery. 
By Pror. Dr. Hans. Frnsterer, Surgeon-in-Chief, Vienna Hos- 
pital of the Brothers of Charity. Authorized English Version 
by JoserH P. F. Burke, M. D., Se. D., LL.D., Buffalo, New 
York. (Rebman and Co., New York, 1923.) 


The first part of the book is devoted to the general consid- 
erations and the methods of abdominal local anaesthesia; the 
second gives in detail the technique under local anaesthesia of 
various minor and major operations of the abdomen. The 
author deals exclusively with abdominal surgery, and particu- 
larly with surgery of the stomach, intestines, gall-bladder, and 
bile-ducts. Abdominal gynaecology and surgery of the kidney 
are considered rather briefly, while no mention is made of 
surgery of the prostate. The arrangement of the book is good 
and the diagrammatic illustrations, although few in number, 
are clear and suffice. 

Apart from its worth in the study of abdominal local anaes- 
thesia, the book is an extremely valuable contribution to 
gastric surgery. Finsterer is an advocate of unusually radical 
surgery for ulcer of the stomach and even of the duodenum. 
He feels that it is only in this manner that the requisites for 
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success in this type of surgery are obtainable. He advocates 
first, excision of the ulcer, gastric or duodenal, whenever 
feasible, and second, the restoration as far as possible of the 
normal physiological functions of the stomach. Where resec- 
tion is impossible, he advocates strict exclusion of the ulcer, 
With resection of at least half of apparently normal stomach. 
He accomplishes this by a resection along a line extending from 
the greater curvature to a point high on the lesser curvature. 
It is to be noted that this line is parallel to the axis of the 
body and oblique rather than perpendicular to the axis of the 
stomach, as in the usual Reichl-Polya operation. In this man- 
ner one does away with the distressing symptoms caused by 
retrograde filling of the closed loop often seen even before the 
patient has assumed an upright position. The soundness of 
his reasoning is borne out by his excellent results, both imme- 
diate and late. He seldom employs a simple gastroenteros- 
tomy, and points out that with the use of local anaesthesia the 
number of cases which are to be considered as operable from 
the standpoint of radical gastric surgery has been much in- 
creased. Even ulcers in the condition of active haemorrhage, 
he believes, offer a much better prognosis than under pallia- 
tive treatment. ~ Here, again, his results support his claims. 

By far the greater part of his work is done with infiltration 
and conduction anaesthesia in the abdominal wall, augmented 
by splanchnic anaesthesia by the anterior method of Braun. 
He has also used the posterior approach to the splanchnic 
ganglia by Kappis’ method, but prefers the anterior route, 
made possible by direct infiltration through the opened ab- 
domen. He also uses paravertebral anaesthesia for the more 
extensive operations lower Swn in the abdominal cavity. In 
some operations of long d.ation, over three hours, he has 
recourse to a small quantity of ether—rarely over 30 c.c. 

The reviewer had the opportunity to assist Professor Finster- 
er in a considerable number of abdominal operations and was 
much impressed by the efficacy of abdominal local anaesthesia 
as he uses it. Finsterer and others have pointed out the fact 
that the most satisfactory results are obtained only by surgeons 
who insist on the most painstaking technique. Haste must 
be sacrificed for precision; the surgeon who attempts to oper- 
ate with local anaesthesia and ignores this fact, invites fail- 
ure. Finsterer feels that with satisfactory local anaesthesia 
the surgeon may disregard the time element, which is so im- 
portant with ether narcosis. He feels that postoperative shock 
is usually ether shock and that an operator, in avoiding this, 
must sacrifice careful technique for speed, which becomes un- 
necessary with local anaesthesia. His work is painstaking in 
the highest degree, and he is able to spend three hours doing 
a stomach resection with a minimal risk and an excellent prog- 
uosis for the patient. 

The Americax edition suffers from a few minor faults that are 
relatively common in translations from the German. German 
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phraseology is carried bodily into English, with considerable 
loss of smoothness and often marked equivocation and obseur. 
ity. The German custom of italicizing emphasized words js 
used to an unfortunate degree. Elimination of these defectgj, 
future editions would certainly render this important work 
more readable. All in all, however, Dr. Burke is to be eo 
gratulated upon his excellent translation. E. M. H., Jp 


Burdett’s Hospitals and Charities, 1924. Cloth 17/6. (The Sciem 
tific Press, Ltd., London.) 


The present volume, like its predecessors, supplies informa 
tion on hospitals, dispensaries, sanatoria, institutions for the 
feeble-minded, etc., in England and throughout the British 
Empire. As a reference authority, it must be of great valie # 
to hospital authorities throughout the United Kingdom, The 
main divisions of the book deal successively with Medicaj 
Universities and Colleges, London Hospitals, London Dip 
pensaries, Provincial Hospitals, Dispensaries of England ang 
Wales, etc. There are also preparatory chapters on hospital 
finance. 

The comprehensive character of the data supplied and the 
fund of information which this book offers must cause notg@ 
few American hospital authorities to wish that such a volume 
covering the hospitals of the United States might be available, 

C. HA. 


Geriatrics. A treatise on the Prevention and treatment of di 
eases of old age and the care of the aged. By Matron W 
TuHEWLIs, M. D. With introductions by A. Jacosr, M) By 
LL.D. and I. L. Nascuer, M. D. Second Edition, revised aml 
enlarged. $4.50. (St. Louis, C. V. Mosby Co., 1924.) 


This book on a topic too little noted in our plans of instrit 
tion, and our literature, has some very good information andé 
excellent generalizations, particularly in Jacobi’s introduction 
The chapters on Neglect of the Aged, Care of the Aged, We 
for the Aged, Diet in Old Age, contain much that is usefal 
Sections on Opotherapy and Electrotherapy make one gravely 
doubt the soundness of the author’s judgment and discrimina 
tion. The case method of the discussion of the various disease 
categories is very sketchy and often insufficient in detail te 
make a living picture; and again it is verbose and irrelevant. 


Altogether, as a literary production the book leaves much t@ 
be desired, and medically much to be criticized; still, as the 
available literature of this important field is largely in foreign 
tongues, it may fairly be said that the book does contai® 
material of real value to the practitioner in the care of tht 
aged sick and infirm. T. R. B. 
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